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New Approach to the Determination of Vitamin A 
in Pharmaceutical Products* 


By REAL TARDIF 


A modified analytical procedure for the determination of vitamin A in pharmaceutical 
preparations and its method of calculation based on geometric and trigonometric 


relationships is presented. 


Ether and isopropyl alcohol solvents are replaced by 


hexane, a more selective solvent, for the extraction of the unsaponifiable fraction. 
Absorbance readings of this latter are measured at one wavelength (325 mz) before 
and after the destruction of vitamin A. A comparison study of the accuracy and 
precision of the U. S. P. XV method and of this proposed method was made on five 


characteristic polyvitamin preparations and on a cod liver oil sample. 


Statistical 


analysis of the results in per cent recovery of added vitamin A has shown a 100 per 


cent yield by the “hexane-destruction” method, and 82 to 96 


r cent yield by the 


U.S. P. XV method. With this proposed method, the standard deviations were less 
than one-third as great. 


last decade a great variety of 


the 
vitamin A combinations has appeared on 
the market. To estimate the vitamin A potency 
of these complex mixtures, the analyst has the 
choice of biological (1), chemical (2), and physico 
chemical methods (3-7) rhe biological assay 
is unfortunately impractical for routine control 
of vitamin A because of the cost, the time re 
quired, and the wide variation in results 
Chemical and physico-chemical methods, which 
are most practical, are of value as long as they 
assess the true physiological activity of products 
under investigation. In our experience it is 
very seldom that the official physico-chemical 
method for vitamin A with the Morton-Stubbs 
correction (3, 4) can be applied without over 


correcting, even if a part of the interfering 


material has been removed by saponification 
As the essence of this correction is the linearity 


* Received March ¥, 1960, from the Research Laboratories 
of Frank W. Horner Ltd., P. O. Box 959, Montreal, Canada 

Accepted for publication June 29, 1960 

Thanks are due to Dr. R. W. Lehman, Vitamin and De 
velopment Laboratory, Distillation Products Industries, for 
useful suggestions, and also to Antonio LaTorre for help in 
experimental work 


of the irrelevant absorbance at the chosen wave- 
lengths, limitation in its application can be 
foreseen (3, 8-12) 

Our analyticai procedure employs a more 
selective solvent. hexane, and also a mathematical 
correction, the essence of which is a comparison 
of the absorbance readings at one wavelength 
before and after the vitamin A in the unsaponifi- 
able fraction has been destroyed. 

The reliability of results obtained by our 
when 
capsule of 
A is treated as an unknown and the 
conversion factor of 1,870, determined in our 


this condition: 
Standard 


method is dependent on 
a Canadian Reference 


vitamin 


laboratory, is applied, the stated potency of 


25,000 I. U./capsule must be found when the 
Morton-Stubbs correction (for hexane) is applied 


(Eq. 4) 
ANALYTICAL PROCEDURE 


Reagents.--Hexane 72-1,005 from Shell Oil Co 
purified as follows: 1,500 ml. is shaken twice for 
five-minute periods with 120-ml. portions of con- 
centrated sulfuric acid; wash with 200 ml. of water, 
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-hen with 200 ml. of 1% sodium hydroxide, and 
finally with 200 ml. of water; shake two minutes 
each time: distill hexane slowly and collect portions 
between 67 and 70°; dry over anhydrous sodium 
sulfate Sodium sulfate reagent grade. Potassium 
hydroxide 50° w/v aqueous solution, reagent grace 

Saponification.._Transfer to a saponification 
flask a suitable quantity of sample (size depends 
upon potency; 10 1. U./ml. wanted in final dilu 
tion). Boil under reflux, in an all-glass apparatus, 
with 5 ml. of potassium hvdroxide 50°) w/v, (3 
to 7 ml., or more, depending on sample) and 30 to 
10 ml. of ethyl alcohol for thirty minutes. Use 
electric hot plate and adjust heat to minimum re 
quired to have a good boiling Cool the flask 
under tap water and transfer solution to a 250-ml 
Squibb-type separatory funnel. Rinse saponifica 
tion flask completely with 3 X 10 ml. portions of 


water The aqueous solution is extracted with i xX 
40-ml. and 3 X 30-ml. (or more) portions of purified 
hexane The hexane portions are collected in one 


Wash hexane extracts with 50 
ml. portions of water Repeat until the wash water 
gives no color with phenotphthalein (4 to 5 wash 
ings Using a small funnel und a cotton plug, 
transfer the hexane extraction into a volumetric 
flask of not less than 200 mi. Rinse with purified 
hexane and make up to vo: ume 

Destruction Step.—Trausfer 50 ml. of hexane 
extract to a 150-ml. separatory funnel Transfer 
also 50 ml. of purified hexane to another 150 ml 
separatory funnel to serve as a reagent blank for 
the destruction of vitamin A. Add to each separa 
tory funnel 10 ml. of 60°; sulfuric acid and shake 150 
times. Discard sulfuric acid and repeat with 
snother 10 ml. of fresh sulfuric acid, or until sulfuric 
icid is colorless. Wash three times with 15 mil. of 
distilled water (shake about 25 times Filter 
through a cotton plug into an Erlenmeyer flask 

Spectrophotometric Readings. Readings are 
made on a Beckman DU spectrophotometer The 
absorbance of the Canadian Reference Stand urd is 
read against purified hexane at 310, 325, and 334 
For the samples (undestreyed hexane ex 


separatory Tunne, 


my 
tract), the readings are made af 325 my only 
however, if read at 310 and 334 my, the analyst can 
ilso apply the Morton-Stubbs correction (Eq. 4 
The absorbance of the ‘‘destroyed hexane extract” 
is read against the purified hexane submitted to the 
destruction procedure (reagent blank All read 
ings are made at 325 my only 

Comparison of Analytical Procedures. A com 
parison of the analytical operations in both methods 
is made in Table I 

Hexane replaces the ether and isopropyl! alcohol 
und also eliminates the evaporation of an ether 
iliquot in an inert atmosphere Absorbance read 
ings are measured at one w ivelength instead of at 
three Destruction of vitamin A ts an extra opera 


then 


THEORETICAL 


Pure Vitamin A Standard. can imagine 
ght angle triangle C'D’B’ ( Pig in which the 


TABLE 1.—COMPARISON OF ANALYTICAI 
PROCEDURES 


Methods 


Hexane 
Analytical Operations U.S. P. XV Destruction 
Saponification Yes Yes 
Extraction solvent Ether Hexane 
Evaporation of solvent Yes No 
in nitrogen 
Dissolution of residue in Yes No 


isopropy| alcohol 
Make to volume with 
solvent alcohol 
Destruction of vitamin A No Ves 
Absorbance readings 310, 325, 325 my 
334 my 
Equation Equation 4 
5 std 
Equation 4 
sample ) 


Isopropy! Hexane 


Calculation 


the absorbance reading of the same vitamin A 
standard at the same wavelength after it has been 
subjected to the vitamin A destruction procedure 
(dA std.), the ratio of these two experimental 
readings or these two sides will be equal to the 
value of the tangent of the angle a 


dA std 


B’D’ A std (Bq. | 


tangent a 
Sample.—As in the case of pure vitamin A stand 
urd one can also visualize another right angle 
triangle GDE (Fig. 2) in which the right angle 
triangle CDB (Fig. 1) can also be included 
Similarly, the length of the base ED can corre spond 
to the total absorbance at 325 my of the sample, 
in this instance being composed of BD or A and EB 


A 
B' 
Fig. 1.—Pure vitamin A B’'D’, absorbance of unde 


stroved standard (A std.); C’D’, absorbance of de 
stroved standard (dA std.) 


G 


Ae 
“ 
of 
B D 
Fig. 2 Sample ED, absorbance of undestroved 


sample (BD or A) + (EB FF). GD, absorbance 
of destroved ample CDor DA of 


a? 
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q 
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or F, respectively, the absorbance of pure vitamin 
A in the sample and the absorbance of all the 
foreign materials in the same sample. Also simi- 
larly, the length of the height GD can correspond to 
the total absorbance at 325 my of the sample once 
it has been subjected through the vitamin A destruc 
tion procedure; CD or dA and GC or dF being, 
respectively, the absorbance at 325 my of the de 
stroyed pure vitamin A and the destroyed foreign 
materials originally in the sample. The 
two experimental values, or two 
sides, will be equal to the value of the tangent of 
the new angle 8 


present 


ratio of these 


GD CD + GC dA + 
ED BD + EB A+ F 


absorbance destroyed sa mple 


tangent 


(Eq. 2) 
ibsorbance sample 


The object is now to calculate the value of BD 
(Fig. 2), the corrected absorbance for pure vitamin 
A in the sample under investigation 
of four or calculated 
experimental readings 


Use is made 


values either obtained from 


base ED 
height GD 


absorbance of sample at 325 my 
absorbance of sample at 325 my 
after destruction 


CD 
DB 


absorbance of standard at 325 my 


tangent a 


absorbance of standard at 325 my after destruction 
GD 
ED 


absorbance of sample 


tangent 


at 325 my 
absorbance of sample at 325 my after destruction 
Derivation of the following simplified expression 
value of BD was made with the 
help of geometric and trigonometric relationships 


to calculate the 


GD (1 4 
Tan, 8 (1 4 


Tan.? a) 


corr BD 
Tan.? 


(Eq. 3) 


EXPERIMENTAL 


Reports in the literature (13-17) indicate that 
solvents, ethyl ether and petroleum ether, were suc 
cessfully emploved for a complete extraction of the 
unsaponifiable fraction. The difference between 
the purified hexane employed in our work and 
petroleum ether used by others is not very great; 
latter is a mixture of and 
hydrocarbons while the former is pure normal hexane 
with traces only of methyl pentane, both saturated 
hydrocarbons (18 These authors pointed out 
certain disadvantages in using these solvents such 
as formation of peroxides in the ethyl ether, ap 
pearance of persistent emulsions, and partial ex 
With pure 


this pentane hexane 


traction of some of the soaps hexane 
these are eliminated 

Morton-Stubbs Correction Applied to Hexane 
Solvent. 
standard capsules (25,000 1. I 
fied and the 


On different days five Canadian reference 
capsule ) 
fraction 
hexane destruction analytical pro 
ratios (i/K° and 1/K*) of the ab 
Morton 


were saponl 
unsaponifiable extracted as 
outlined in the 
cedure The 

mmended for the 


orbance readings rec 
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VALUE oF 1/K’ Por PuRE 


VITAMIN A IN HEXANE 


I! 


Standard 
Deviation 
+0 0050 or +0.6°, 
+0 0026 or +0.3% 


Mean Value 
of Ratio 


0.8455 
O. 8745 


Stubbs correction (3) were calculated and analyzed 
statistically (Table II) 

Substituting the above experimental values for 
and 1/K?* into the Morton-Stubbs general 
formula, the following equation is obtained 


A, As) +> A \, Ag) 


(corr. ) 
1.091 + 0.028 


(Eq. 4) 
For ether and isopropyl alcohol, the U.S. P. formula 
is very close 


As) + 5( A; — As) 


(corr.) 1 172 


(Eq. 5) 


Selectivity of Hexane Solvent for the Extraction 
of the Unsaponifiable Fraction... Two samples of a 
blank (no vitamin A) polyvitamin preparation were 
saponified and the unsaponifiable fraction of one 
sample was extracted with ether while the other 
was extracted with hexane. Results of the ab- 
sorbance readings at 310, 325, and 334 my are given 
in Table 111 

The absorbance of the extraneous material ex- 
tracted from the blank polyvitamin preparation 
is much greater when extracted with ether than 
with hexane, especially at 310 my. With hexane, 
the absorbance readings are much closer to linearity 
than when extracted with ether. In terms of over- 
correction. at 325 my, the ether represents a drop 
of 15°), or three times greater than with hexane 

Two samples of polyvitamin products were also 
saponified and extracted as above with two solvents, 
ether and hexane. Results of the absorbance read- 
ings are given in Table I\ 

With hexane, the absorbance readings of the poly- 
vitamin preparations are also smaller than when ex 
tracted with ether. In terms of yields, the hexane 
destruction method shows a recovery of 100°, while 
the Morton-Stubls correction gives only 85; 

Comparison between the Morton-Stubbs and 
Hexane-Destruction Methods. characteristic 
polyvitamin formulations (elixirs, emulsions, drops, 
capsules with, and without minerals) were prepared 
similar to those on the market with the exception 
of vitamin A. A two-year old sample of cod liver 
oil was also included in this study 

To a measured quantity of 
capsule of 


each of the above 
Canadian Reference 
(25,000 1. U./capsule) 
added to the saponification flask just prior to 
saponification. The cod liver oil sample 
analyzed before and after the addition of a known 
amount of the same Canadian Reference Standard 
vitamin A to the saponification flask. Each analysis 
was repeated six times for the polyvitamin prepara 
tions and four times for the cod liver oil sample 
have 


preparations, a 
Standard vitamin A was 


was 


The results, which been expressed in ©) re 


covery for the polyvitamin preparations, and in 
1. U./Gm 


lated by 


for the cod liver oil sample, were calcu 
both the Morton-Stubbs (Eq. 4) and 


¥ 
Ratios 
1/K’ or Agyo/ Ages 
F 


inde 
very 


meth 
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New Approach to the Determination of Vitamin A 
in Pharmaceutical Products* 


By REAL TARDIF 


A modified analytical procedure for the determination of vitamin A in pharmaceutical 
preparations and its method of calculation based on geometric and trigonometric 
relationships is presented. Ether and isopropyl alcohol solvents are replaced by 
hexane, a more selective solvent, for the extraction of the unsaponifiable fraction. 
Absorbance readings of this latter are measured at one wavelength (325 mu) before 
and after the destruction of vitamin A. A comparison study of the accuracy and 
precision of the U. S. P. XV method and of this proposed method was made on five 
characteristic polyvitamin preparations and on a cod liver oil sample. Statistical 
analysis of the results in per cent recovery of added vitamin A has shown a 100 per 
cent yield by the “hexane-destruction”’ method, and 82 to 96 per cent yield by the 
U.S. P. XV method. With this proposed method, the sondand devedinas were less 
than one-third as great. 


en the last decade a great variety of — of the irrelevant absorbance at the chosen wave 
vitamin A combinations has appeared on lengths, limitation in its application can be 

the market. To estimate the vitamin A potency — foreseen (3, 8-12) 

f these complex mixtures, the analyst has the Our analytical procedure employs a more 

choice of biological (1), chemical (2), and physico selective solvent, hexane, and also a mathematical 


chemical methods (3-7 The biological assay correction, the essence of which is a comparison 
is unfortunately impractical for routine control of the absorbance readings at one wavelength 
f vitamin A because of the cost, the time re- before and after the vitamin A in the unsaponifi 
juired, and the wide variation in results able fraction has been destroved. 

Chemical and physico-chemical methods, which The reliability of results obtained by our 


ire most practical, are of value as long as they method is dependent on this condition: when 
assess the true phvsiological activity of products a Canadian Reference Standard capsule of 
under investigation. In our experience it is vitamin A is treated as an unknown and the 
very seldom that the official physico-chemical conversion factor of 1,870, determined in our 
method for vitamin A with the Morton-Stubbs laboratory, is applied, the stated potency of 
orrection (3, 4) can be applied without over = 25,000 1. U. capsule must be found when the 


orrecting, even if a part of the interfering Morton-Stubbs correction (for hexane) is applied 
material has been removed by saponification. (Eq. 4) 
\s the essence of this correction is the linearity 

ANALYTICAL PROCEDURE 


ecenved March 1960, from the Research | aboratort 
Thanks are due to Dr RoW. Lehman, Vitamin and Ix purified as follows 1500 ml is shaken twice for 
lopment Laboratory, Distillation Products Industrie fon live-minute periods with 120-ml portions of con 


sefi uggestions, and also to Antonio LaTorre help in ‘ 
rimental work centrated sulfuric acid; wash with 200 ml of water, 


4 
= 
4 
J 


& 
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then with 200 ml. of 16% sodium hydroxide, and 
finally with 200 ml. of water; shake two minutes 
each time; distill hexane slowly and collect portions 
between 67 and 70°; dry over anhydrous sodium 
sulfate. Sodium sulfate reagent grade. Potassium 
hydroxide 50°) w/v aqueous solution, reagent grade 

Saponification..- Transfer to a saponification 
flask a suitable quantity of sample (size depends 
upon potency; 10 I. U./ml. wanted in final dilu- 
tion Boil under reflux, in an all-glass apparatus, 
with 5 ml. of potassium hydroxide 50°, w/v, (3 
to 7 ml, or more, depending on sample) and 30 to 
4) ml. of ethyl alcohol for thirty minutes. Use 
electric hot plate and adjust heat to minimum re 
quired to have a good boiling. Cool the flask 
under tap water and transfer solution to a 250-ml 
Squibb-type separatory funnel. Rinse saponifica 
tion flask completely with 3 X 10-ml. portions of 
water. The aqueous solution is extracted with 1 X 
1-ml. and 3 X 30-ml. (or more) portions of purified 
hexane. The hexane portions are collected in one 
separatory funnel. Wash hexane extracts with 50- 
ml. portions of water. Repeat until the wash water 
gives no color with phenolphthalein (4 to 5 wash- 
ings). Using a small funne! and a cotton plug, 
transfer the hexane extraction into a volumetric 
flask of not less than 200 ml. Rinse with purified 
hexane and make up to volume 

Destruction Step..-Transfer 50 ml. of hexane 
extract to a 150-ml. separatory funnel. Transfer 
ilso 50 ml. of purified hexane to another 150-ml 
separatory funnel to serve as a reagent blank for 
the destruction of vitamin A. Add to each separa- 
tory funnel 10 ml. of 60°, sulfuric acid and shake 150 
times. Discard sulfuric acid and repeat with 
inother 10 ml. of fresh sulfuric acid, or until sulfuric 
icid is colorless. Wash three times with 15 ml. of 
distilled water (shake about 25 times). Filter 
through a cotton plug into an Erlenmeyer flask 

Spectrophotometric Readings... Readings are 
made on a Beckman DU spectrophotometer. The 
absorbance of the Canadian Reference Standard is 
read against purified hexane at 310, 325, and 334 
mu. For the samples (undestroved hexane ex 
tract), the readings are made at 325 my only; 
however, if read at 310 and 334 muy, the analyst can 
also apply the Morton Stubbs correction (Eq. 4) 
rhe absorbance of the “destroyed hexane extract” 
is read against the purified hexane submitted to the 
destruction procedure (reagent blank). All read 
ings are made at 325 my only 

Comparison of Analytical Procedures. A com- 
parison of the analytical operations in both methods 
is made in Table I 

Hexane replaces the ether and isopropyl alcohol 
and also eliminates the evaporation of an ether 


aliquot in an inert atmosphere. Absorbance read- 
ings are measured at one wavelength instead of at 
three. Destruction of vitamin A is an extra opera 
thon 

THEORETICAL 


Pure Vitamin A Standard. If one can imagine 
a right angle triangle C’D’B’ (Fig. 1) in which the 
length of the base B’D’ corresponds tothe absorbance 
reading of the vitamin A standard (A std.) at 325 
my and the length of the height C’D’ corresponds to 


TABLE |I.— COMPARISON OF ANALYTICAI 
PROCEDURES 


Methods 


Hexane 
Anilytical Operations U.S. P. XV Destruction 
Saponification Yes Yes 
Extraction solvent Ether Hexane 
Evape wation of solvent Yes No 
in nitrogen 
Dissolution of residue in Yes No 


isopropyl] alcohol 
Make to volume with lsopropy!  Hexane 

solvent alcohol 
Destruction of vitamin \ No Yes 
Absorbance readings 310, 325, 325 my 

334 my 
Equation 


Calculation Equation 4 


» (std 
Equation 5 
(sampk 


the absorbance reading of the same vitamin A 
standard at the same wavelength after it has be 
subjected to the vitamin A destruction procedtr 
(dA std.), the ratio of these two experiments 
readings or these two sides will be equal to thy 
value of the tangent of the angle a 

dA std 


tangent = (E 
BD \ std 


Sample.— As in the case of pure vitamin A stand 


ard one can also visualize another right angk 
triangle GDE (Fig. 2) in which the right angk 
triangle CDB (Fig. 1) can alse be included 
Similarly, the length of the base ED can correspond 
to the total absorbance at 325 my of the sample 
in this instance being composed of BD or A and EB 


| 
| 
B' D 


Fig. 1.—Pure vitamin A. B’D’, absorbance of und 
stroved standard (A std.); C’D’, absorbance of de 
stroyed standard (dA std_) 


a 4€ 


Fig. 2. Sample. ED, absorbance of undestroy 
sample (BD or A) + (EB or F): GD, absorban 
of destroved sample (CD or DA) + (GC or 11 
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or F, respectively, the absorbance of pure vitamin 
A in the sample and the absorbance of all the 
foreign materials in the same sample. Also simi 
larly, the length of the height GD can correspond to 
the total absorbance at 325 my of the sample once 
it has been subjected through the vitamin A destruc 
tion procedure; CD or dA and GC or dF being, 
respectively, the absorbance at 325 my of the de 
stroved pure vitamin A and the destroyed foreign 
materials originally in the sample. The 
ratio of two experimental values, or two 
sides, will be equal to the value of the tangent of 
the new angle 8 


present 
these 


ce GD CD + GC dA + dF 
tangent = : 
BD + EB A+ F 
absorbance destroyed sample . 
Eq. 2) 


absorbance sample 


Phe object is now to caleulate the value of BD 
Fig. 2), the correeted absorbance for pure vitamin 
A in the sample under investigation 
f four values either 
xperimental readings 


Use is made 
obtained or calculated from 


eight GD 


vase absorbance of sample at 325 mu 
absorbance of sample at 3 


after destruction 


CD 
DB 


absorbance of standard at 325 my 


tangent 


ibsorbance of standard at 325 my after destruction 
GD 
ED 


absorbance of sample at 325 my 


tangent 8 


bsorbance of sample at 325 my after destruction 


Derivation of the following simplified expression 
»caleulate the value of BD was made with the 
elp of geometric and trigonometric relationships 


GD (1 4 
Tan. 8 (1 4+ 


Tan.? a) 
Tan.? 8) 


corr BD (Eq. 3) 


EXPERIMENTAL 


Reports in the literature (13-17) indicate that 
vents, ethyl ether and petroleum ether, were suc 


ssiully emploved for a complete extraction of the 
nsaponifiable fraction. The difference 


between 


e purified hexane employed in our work and 
etroleum ether used by others is not very great: 
is latter is a mixture of pentane and hexane 


drocarbons while the former is pure normal hexane 
ith traces only of methyl pentane, both saturated 
(18). These authors out 
ttain disadvantages in using these solvents such 
stormation of peroxides in the ethyl ether, ap 
irance of persistent emulsions, and partial ex 
raction of some of the soaps. With pure hexane 
ese are eliminated 

Morton-Stubbs Correction Applied to Hexane 
solvent. On different days five Canadian reference 
tandard capsules (25,000 1. 


drocarbons pointed 


capsule ) were saponi 
d and the unsaponifiable fraction extracted as 
itlined in the hexane destruction analytical pro 
dur The ratios (1/K’ and 1/K?) of the ab 
thaunce readings recommended for the Morton 
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Il VALUE OF 1/K’ AND 1, K® vor Purt 
VITAMIN A IN HEXANE 
Mean Value Standard 
Ratios of Ratio Deviation 
1/K’ or Agyo/ Ages 0.8455 +0) OO50 or +0. 6°, 
1/K2 or 0.8745 +0). 0026 or 


Stubbs correction (3) were calculated and analyzed 
statistically (Table 

Substituting the above experimental values for 
I,K’ and 1/K* into the Morton-Stubbs general 
formula, the following equation is obtained 


SCA, — As) + AA, \ 
1091 + 0 028 


Ceort (Eq. 4) 
For ether and isopropyl alcohol, the U.S 


S. P. formula 
is very close 


3( Ay — As) + \ 
1.172 


Age, (corr 


Selectivity of Hexane Solvent for the Extraction 
of the Unsaponifiable Fraction. Two samples of a 
blank (no vitamin A) polyvitamin preparation were 
saponified and the unsaponifiable fraction of one 
sample was extracted with ether while the other 
extracted with hexane. Results of the ab 
sorbance readings at 310, 325, and 334 my are given 
in Table 

rhe absorbance of the extraneous material ex 
tracted from the blank polyvitamin preparation 
is much greater when extracted with ether than 
with hexane, especially at 310 my. With hexane, 
the absorbance readings are much closer to linearity 
than when extracted with ether. In terms of over 
correction at 325 my, the ether represents a drop 
of 15°,, or three times greater than with hexane 

Two samples of polyvitamin products were also 
saponified and extracted as above with two solvents, 
ether and hexane. Results of the absorbance read 
ings are given in Table IV 

With hexane, the absorbance readings of the poly 
vitamin preparations are also smaller than when ex 
tracted with ether. In terms of vields, the hexane 
destruction method shows a recovery of 100°) while 
the Morton-Stubbs correction gives only 85°; 

Comparison between the Morton-Stubbs and 
Hexane-Destruction Methods. Five characteristic 
polyvitamin formulations (elixirs, emulsions, drops, 
capsules with, and without minerals) were prepared 
similar to those on the market with the exception 
of vitamin A. A two-year old samiple of cod liver 
oil was also included in this study 

To a measured quantity 
preparations, a capsule of 
Standard vitamin A 


was 


the «above 
Reference 


of each of 
Canadian 
(25,000 I. U 


capsule) was 
added to the saponification flask just’ prior to 
saponification. The cod liver oil sample was 


analyzed before and after the addition of a known 
amount of the same Canadian Reference Standard 
Vitamin A to the saponification flask. Each analysis 
Was repeated six times for the polyvitamin prepara 
tions and four times fer the cod liver oil sample 
The results, which have been expressed in  re- 
covery for the polyvitamin preparations, and in 
I. U./Gm. for the cod liver oil sample, were calcu 
lated by both the Morton-Stubbs (Eq. 4) and 


Jo. 12 
(Eq. | 
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|) 
ce of de 
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TABLE III 


Absorbance, my 


SELECTIVITY OF HEXANE SOLV 


Vol. 49, No 


HARMACEUTICAL ASSOCIATION 


ENT ON BLANK POLYVITAMIN PREPARATION 


Absorbance 
Expected 


for Linearity Overcorrection 


Solvents 10 at 310 mp Absorbance at 325 m, 
Ether-isopropanol 045 1 OLS 0. 0255 14.5 
Hexane 0.028 O14 0) O09 0 022 0.0256 4.65 

I\ SELEcTIVITY OF HEXANE SOLVENT ON A POLYVITAMIN PREPARATION 

Absorbance "| Vield or 

Absorbance, ma at 325 Theoretica 
Solvents 310 825 324 Method my Corr Claim 
FE ther-isopropanol 0.516 0.575 0.500 M. S.* 0.471 83.7 
Hexane O481 0.552 0.492 M. S.° 0.469 85.2 
H. De 0.552 100.0 

* Morton-Stubbs correction for isopropyl! alcohol (Eq 5) » Morton Stubbs correction for hexane (Eq. 4) © Hexane 


destruction correction (Eq 3) 


TABLE \ 
STUBBS AND HEXANE-I 


STATISTICAL COMPARISON OF PER CENT VITAMIN A RECOVERY CALCULATED BY THE Morton 


JESTRUCTION METHODS 


Recovery 


Morton Hexane 
Stubbs Destruction Experimental Va 
I U. Vitamin A No. of Mean ‘ Mean Morton Hexa 
Products Added \ssay Stubbs Destruc 
Canadian Ref 
Std., 25,000 
I. U./capsule 5 00.9 + 0.3 6 
Elixir A 179/ ml 6 .221.7¢ 9+ 0.4 22.4 Oz 
Elixir B 200ml 6 86.14 3.9 99. 7+0 6 7.o 0) 
Emulsion C 1,087 /ml 6 95. 54 3.0 100.1 + 0.2 3.2 1.2 
Drops D 12 ,500/ml 6 93.5 + 2.2 12401 6.5 2.2 
Capsules E 11,364 /capsule 6 965+ 3.6 


* For a probability P > 0.05, the ¢ value > 2.26 
Experimental f > 2.26 no significant difference bet ween 
Experimental / 2.26 significant difference between ‘; 


hexane-destruction (Eq. 3) 
being statistically 


methods of correction 
before analyzed. (Tables V, 
VI, 

The hexane-destruction calculation 
showed no significant difference between the per cent 
recovery and the amount of vitamin A added to 
these samples. In four samples the Morton-Stubbs 
method of calculation showed a significant difference 
between the per cent recovery and the amount of 
vitamin A added 


method of 


Cop Liver Om SAMPLE: 
RESULTS CALCULAT®D 


POTENCY OF 
\NALYSIS OF 


Paste VI. 
STATISTICAI 


BY THE Mortron-STUBBS AND HEXANE-DESTRUC 
TION METHODS 
Hexane 
Method Morton Stubbs Destruction 
Ist Assay 2,076 1. U./Gm,. 2,406 U./Gm 
2nd Assay 2,107 I. U./Gm,. 2,399 1. U./Gm 
3rd Assay 1,902 1. U./Gm. 2,369 1. U./Gm 
ith Assay ?,172 I. U./Gm. 2,329 1. U./Gm 
\verage O64 1. U./Gm. 2,376 1. U./Gm 
Standard 
deviation £105 £36 
Confidence 1035 
limits 
Value (/’ 
0 O05, » 
Value exper 


mental 4.18 


*) recovery and the vitamin A in sample 
recovery and the vitamin A in sample 


An experimental ¢ value of 7.15 at this probabuilit 
level (P 0.05 and n +) indicates that the result 
obtained by both methods of calculation ar 
significantly different. The standard deviation an 
the confidence limits are only 
when calculated from the 
results 


hexane-destructio 


TABLE VII.--SratisricAL COMPARISON PER 

Cent REcOvVERY OF ADDED A To Col 

LiveR MortTon-STuBss vs. HEXANE- DESTRUC 
TION MFETHODS 


IU Gm Morton Stubbs Hexane Destr 
Added Recovery Recover 
Vitamin A IU. Gm IU. Gm 
1,459 1,264 S66 1 361 3 
1,283 1,005 78.3 1,257 
1 326 1,434 115 7 1,415 
1,148 1,204 104.9 1,177 1 
Average 
1,304 1,252 1,303 
Standard 
deviation 
+ 189 t14.7 £92 
Confidence 
Limits 
(pP 
and 


one-third as great 
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rhe average per cent recovery of added vitamin A 
is very good: 100.1°7 by the hexane-destruction 
method and 96.67 by the Morton-Stubbs. At 
this probability level, the standard deviation and 
the confidence limits are only one-third as great 
when calculated from the hexane-destruction results 
With the same experimental results, the per cent 
recovery of added vitamin A into the same blank 
polyvitamin preparations was also calculated by a 
blank correction method: absorbance of sample at 
Com 
parison of these results with those obtained by the 
vexane-destruction method of calculation is made 


in Table VIII 


325 my less absorbance of destroyed sample 


VIII. 
\irAMIN A 
METHOD vs 


COMPARISON OF THE PER CENT 
RECOVERY: BLANK CORRECTION 
HEXANE-DESTRUCTION METHOD 


Differ 
Recovery ence 
Hexane Blank in 
Vitamin A Destruc Correc Re 
Products Added tion tion covery 
Elixir A 179 99.9 94.1 5.8 
Elixir B 200 99.7 93.9 5.8 
Emulsion C 1 100.1 6.4 3.7 
rops I) 12,500 100 2 
Capsule E 11,564 100.1 98.4 1.7 
IXN.—-COMPARISON OF A SINGLE HEXANE 


EXTRACTION vs. THE HEXANE-DESTRUCTION METHOD 


Corr. Absorbance 
at 325 my 


Hexane 

Destruc Single 

tion Hexane Difference 

Products Method Extn / 

vitamin \ 
elixir, 200 1. U 
mil.) 0.636 0 628 1.3 
ligh vitamin \ 
drops, 12,500 I 
U_/ml 0.619 0.604 2 4 


With high vitamin A poteney preparations (drops 
and capsule E) both methods of calculation are 


ceptable. There is less than 2°; difference in per 
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nt recovery. With the low vitamin A potency prep 
rations (elixir A and B, emulsion C) the difference 
etween the per cent recovery of both methods is 
vo to three times greater 

The suggestion of Napoli, ef a/. (13), of replacing 
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all extractions by a single extraction with the sme 
total volume of solvent was investigated with the 
hexane soivent on a low and a high vitamin A 
potency polyvitamin preparation (Table IX) 

This extraction modification is certainly accept 
able for routine control determinations, especially 
if the analyst considers the small per cent difference in 
the vitamin A extraction between the two methods 
and the time required for the analysis, which is 
appreciably reduced 


SUMMARY 
A modified analytical procedure for determin 
ing vitamin A in pharmaceutical preparations is 


A new method of calculation based 
on geometric and trigonometric relationships is 


described 


prope sed 

The hexane-destruction method of calculation 
was applied to five polyvitamin products and a 
cod liver oil sample to which known amounts of 
Statistical 
analysis of the results showed greater accuracy 


vitamin A standard were added. 
than obtained with the Morton-Stubbs method 
Napoli’s 


tion is also applicable. 


of calculation. extraction modifica 
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Synthesis of Some Symmetrical Aldehyde 
Glycol Monoether Acetals* 


By ARTHUR J. GETZKIN# and WERNER M. LAUTER 


Forty-two acetals of seven aldehydes and the mono-methyl, ethyl and »-butyl ethers 
of ethylene glycol and diethylene glycol were prepared, and their physical constants 
determined. An sn vitro test was used to determine their hydrolysis in a slightly 
acidic medium, considered to be similar to the natural acidity of the human skin. 
It was shown that regeneration of the parent aldehydes proceeded with sufficient 
rapidity to warrant én vivo tests of these acetals in cosmetic formulas. 


A’ DEHYDES REPRESENT some of the most valu- — cohols depend upon their molecular weights an 
able perfuming and flavoring agents. A configurations, The following rules are general 
major disadvantage of the class is their relative accepted: (a) The conversion rate for primar 
instability; their tendency toward various con alcohols is slow, but vields are high. (6) Seeond 
densation and polymerization reactions which ary and tertiary alcohols react more rapidly, bu 
are frequently potentiated by light, heat, air,  vields are lower. (c) Polyhydrie alcohols 1 
alkali, and amines. This usually results in loss — satisfactorily and almost completely, especial! 
of odor, change in fragrance, discoloration, or with aromatic aldehydes. (d) Aliphatic an 


precipitation arylalkyl aldehydes react more slowly but 
Acetals are frequently utilized because they completely than aromatic aldehydes 

retain the aromatic properties of the parent alde Aldehydes possessing a hydroxyl group do m 
hydes and possess a good degree of stability. lend themselves to direct acetylization due to ty 
However, acetals are easily hydrolyzed in slightly nature of the condensation which must occur 
acidic media, reverting to the respective alde Synthesis of the acetals of such important ox 
hyde and alcohol components. The use of aldehydes as vanillin, p-hydroxybenzaldehyvd 
higher molecular weight alcohols in acetal syn- and salicylaldehyvde is more complex and will |» 


thesis has not received much attention because — the subject of a future report 
of the low volatility and consequent loss of aroma 
such acetals would possess. High molecular EXPERIMENTAL 


weight acetals have been noted as potential aro dun 
I The mono-methyl, ethyl, and n-butyl ethers 


matic stabilizers or fixatives (1, 2) ethylene glycol and diethylene glycol were employ 
Synthesis of the acetal of diethylene glycol alcohols; -butyraldehyde, isodecaldehy 
ethyl ether was first discussed by Nieuwland (:3) (mixed isomers), benzaldehyde, cinnamald 


anisaldehyde, cuminal, and piperonal as aldehy 


Glvoxal tetra acetals of the glycol monoethers 
components for the acetals 


have been prepared and their applications in Concentrated hydrochloric acid, gaseous hyd 
cosmetics mentioned by MacDowell and — gen chloride, concentrated sulfuric acid, cone 
McNamee (4) trated phosphoric acid, anhydrous calcium 
The objective of this investigation was the 4nd a cationic exchange resin! in catalytic quantit 

. were tried as condensing agents. Considerable res 


preparation of symmetrical acetals of the mono 
formation and low acetal vields resulted. Exper 


ethers of ethylene glycol and diethylene glycol nents indicated p-toluenesulfonylehlori 


t 


which, while themselves of little olfactory value, — would be an effective condensation agent and the 


would be easily hydrolyzed in slightly acidic of this material did furnish satisfactory yield 
The Between twenty-four and thirty hours of reflu 


media to the corresponding aldehydes ; 
: ing Was necessary to adequately remove all water 
reaction. The reaction mixture was quickly 
glycol ether free to act as a fixative. The glycol  traiized with sodium methoxide, which appear 
ethers appear to fulfill the requirements for a = more complete than the classical treatment wil 
sodium carbonate 

The general preparative procedure for the co! 
? : pounds reported is as follows: The aldehyde, g 
conversion rates of vartous aldehydes and al- ether, and p-toluenesulfonylebloride, in  quantit 


original aldehvde would thus be restored with the 


cosmetic fixative, as expressed by Neurath (5) 
Kulka (6) has stated that the reactivity and 


* Received February 14. 1000, from the Collexe of Phar representing melar ratio of 3:5 O.001, respectis 


macy, University of Florida, Gainesville were thoroughly mixed until the chloride was ' 


This paper is based in part upon a dissertation presented ‘ 
to the Graduate Council of the University of Florida by tirely dissolved Phe mixture was allowed st 


Arthur |) Getzkin in partial fulfillment of the requirement for fifteen minutes and 40 ml. of water-saturat 
for the degree of Doctor of Philosophy 
+ Present address Naval Medical Research Center 
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The flask was then connected 
toa Dean-Stark distillation receiver and the contents 
gently heated to maintain boiling 

After twenty-four to thirty hours of refluxing, no 
urther increase in water of reaction was observed 
fhe reaction mixture was then allowed to cool and 
wdium methoxide added slowly, until a slightly basic 
reaction to litmus was observed. The mixture was 
hen vacuum distilled, to leave only a tar-like alde 
yde degradation product and a small residue of 
«dium methoxide. Repeated vacuum redistilla- 
wns followed, until a constant refractive index was 
btained, which served as an index of purity for the 


juene was added 


etals 


The general reaction involved ts: 


H* 
C=O + 2 HO—(CH:CH:0O), R, 
¢ - 
R, = CH 
= C,H, 
C,H, 


The yields reported in Tables I and II refer to 
ose obtained by using 0.1.1 of aldehyde, 200 mg. of 
toluenesulfonyichloride, and a quantity of glycol 
ther sufficient to fulfill the molar ratio of 3 moles 
lehyde to 5 moles glycol ether 

Evaluation of the Glycol Ether Acetals for Alde- 
hyde Release... Many of the acetals prepared re- 
ined moderate odors, similar to those of the parent 
In vitro evaluation of aldehyde release 
uld be based on odor intensity comparisons be- 
veen acetal alone, acetal in a slightly acidic 
edium, and pure aldehyde. Due to the subjec- 
vity involved in odor intensity duplication by this 
ethod, it was felt that a chemical method would be 
re preferable 

The presence of free aldehyde was determined by 
raction with Schiff’s reagent (7). The modified 
vhiff’s reagent of Carey (8) was employed. The 
wal pH of the intact skin remains a controversial 
spect of epidermal physiology, with more than 
ven investigations reporting values ranging from 
{3.0 to 7.0 (9, 10). It was therefore deemed 
visable to average the reported experimental data 
d the preponderance of results placed the average 
{ of the human skin at about 5.5. Hence, a 
dified Schifi’s test utilizing an aqueous medium 
fered to pH 6.0 presented a medium equal to or of 
ser acidity than the medium that the acetal would 
counter upon application to the skin 

fest solutions of each glycol ether acetal and each 
lehyde, for comparison as standards, were ethanol 
utions of such strength that a 2.0-ml. aliquot 
uted to 25 ml. represented a 1 X 10°~° MV solution 
th respect to acetal or aldehyde. The concentra- 
nof the glycol ethers under the same conditions 
s2 M. Each glycol ether acetal was 
sted as follows: 5.0 ml. of pH 6.0 buffer (U. S. P. 
‘, page 931) was placed in each of three 25-ml 


lehydes 


lumetric flasks; 2.0 ml. of acetal dilution was 
petted into the first flask; 2.0 ml. of the parent 
lehyde dilution; and the corresponding volume 
thé appropriate glycol ether dilution were placed 
the second flask. A blank consisting of 2.0 ml 
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TABLe III 


rALS AND ALDEHYDE-GLYCOL-MONOETHERS 
my USING THE Moprrrep Scuire’s REAGENT OF 


CAREY 


Acetal 
Sample Composition (1) 

n-Butyraldehyde 
Ethylene glycol methylether 0.319 
Ethylene glycol ethyl ether 0.366 
Ethylene glycol n-butyl ether 0. 387 
Diethylene methy] ether 0.356 
Diethylene ethyl ether 0.398 
Diethylene n-butyl ether 0.387 


Isodecaldehyde 
Ethylene glycol methylether 0.371 
Ethylene glycolethylether 0.332 
Ethylene glycol n-butylether 0.347 
Diethylene glycol methyl] 
ether 0.377 
Diethylene glycolethylether 0.342 
Diethylene glycol n-butyl 
ether 0.337 
Benzaldehyde 
Ethylene glycol methylether 0.155 
Ethylene glycol ethyl ether 0.160 
Ethylene glycol n-butyl ether 0.134 
Diethylene glycol methy! 
ether 0.130 
Diethylene glycol ethylether 0.160 
Diethylene glycol n-butyl 
ether 0.130 


Cinnamaldehyde 

Ethylene glycol methylether 0.418 
Ethylene glycol ethyl ether 0.453 
Ethylene glycol n-butylether 0. 387 
Diethylene glycol methyl 

ether 0.434 
Diethylene glycolethylether 0.515 
Diethylene glycol n-butyl 

ether 0.545 


Anisaldehyde 

Ethylene glycol methylether 0.097 
Ethylene glycolethylether 0.161 
Ethylene glycol n-butyl ether 0.134 
Diethylene glycol methyl 

ether 0.108 
Diethylene glycolethylether 0.167 
Diethylene glycol n-butyl 

ether 0.132 


Cuminal 

Ethylene glycol methylether 0.387 
Ethylene glycol ethyl ether 0.319 
Ethylene glycol n-butylether 0.352 
Diethylene glycol methyl 

ether 0.314 
Diethylene glycol ethylether 0.319 
Diethylene glycol n-butyl 

ether 0.334 


Piperonal 

Ethylene glycol methylether 0.347 
Ethylene glycolethylether 0.337 
Ethylene glycol n-butylether 0.347 
Inethylene glycol methyl 

ether 0.361 
Diethylene glycolethylether 0. 342 
Diethylene glycol n-butyl 

ether 0.337 


Alde 
hyde + 
Glycol 
mono 

ether 

(il) 


0.366 
0.398 


0.366 
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COLORIMETRIC ABSORBANCES OF ACE 
Ar OU) 


Absorb 


ance 
Ratio 
(1/11) 


0.90 


0.89 
OSS 


| 
\ 
0.366 0.87 
0.398 0.91 
0.420 0.92 
0.377 0.94 { 
0.420 0.95 
0.420 0.92 
0.398 0.93 
0.356 0.93 if 
0.372 0.93 
0.398 0.95 
0.366 0.93 
0.377 O.89 
0.210 0.74 
0.180 
0.149 
0.146 
0.180 
0.150 
0.456 0.91 
0.488 0.92 
0.420 0.92 
0.495 0.88 
0.553 0.93 
0.585 0.98 
0.142 0.68 
0.222 0.73 
0.167 0.80 
0.148 0.76 
0.215 0.77 
0.167 0.79 
0.398 0.97 
0.372 0.86 
0.387 0.91 
0.80 
| 
0.351 0.99 
0.366 0.92 
0.347 1.00 
0.377 0.96 
0.366 0.93 
0.351 0.87 


z 


ao 


ethanol and 2.0 ml. glyveol ether dilution was pre 
pared in the third flask. Exactly ten minutes stand- 
ing time at room temperature was allowed for the 
hydrolysis reaction. Then 1.0 ml. Carey's reagent 
and sufficient distilled water were added to bring 
the volume to exactly 25.0 ml. The addition of 
2.0 ml. ethanol to the solutions containing acetals 
of ethylene glycol monobutyl ether was necessary to 
insure complete solubility. The solutions were 
allowed to stand for an additional ten-minute period 
at room temperature to assure complete color 
development. The color produced in the aldehyve 
and acetal dilutions was then measured at 560 my 
relative to the reagent blank adjusted to 100% 
transmission. The results obtained are summarized 
in Table III 


DISCUSSION 


With the exception of the anisaldehyde acetals, the 
absorbances of the hydrolyzed acetal samples were 
almost equivalent to those of the corresponding 
aldehyde dilutions. The behavior of the anisalde- 


Acid Hydrolysis of Tetrahydropyranyl Glycosides: 
Effects of 2-Methylation and 3-Hydroxylation 
on Rate of Hydrolysis’ 


By ROBERT V. PETERSEN 


A series of methyl glycosides (acetals and 
ketals) analogous to aldopyranosides, keto- 
pyranosides, and their 3-hydroxy analogs 
(tetrahydropyran, 2-methyl-tetrahydropyran, 
and 3-hydroxyl derivatives of these com- 
pounds) were synthesized, subjected to acids 
of various concentrations, and their rates of 
hydrolysis determined spectrophotometri- 
cally. 


feature of glycosides is the 
bonding of a sugar to an aglycon by an 
acetal or ketal bond. This type of bonding is 
known to be relatively unstable in the presence 
of acids, the degree of instability being dependent 
on the chemical nature of the sugar and the 
aglycon. Because orally ingested glycosides are 
immediately subjected to the relatively strongly 
* Received January 25, 1960, from the University of Utah, 
College of Pharmacy, Salt Lake City 1 
This investigation was supported in part by a grant from 
the University of Utah Research Fund 
Presented to the Scientific Section, A. Pu. A. Cincinnati 
meeting, August 1959 


The author is grateful to Mr. Glenn Rolfson for his assist 
ance with some of the spectrophotometric determinations 
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hyde acetals may be explained by the strong e! « 
tron-donating effect of the methoxy group whic! 

transmitted through the benzene ring to the br 
in the Schiff’s base linkage. It may therefore by 
concluded that under the specified experimer ‘a 
conditions aqueous solutions buffered to pH 6.0 wor 
capable of hydrolyzing these acetals to the par nt 
aldehydes. 
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acidic conditions in the stomach, a knowledge 
the behavior of various fundamental glycoside 
under such conditions might suggest the svn 
thesis of new agents which possess more desirab! 
stability, as well as absorption and distributio: 
characteristics 
Several factors serve to regulate the stability 

acetals and ketals to acid hydrolysis. For ex 
ample, it has already been demonstrated tha 
glycosides in which the 3-position of the sug 
moiety contains a hydroxyl group are muc 
more stable than the corresponding 
glycosides (1, 2). Similarly, glycosides of alde 
hydo-sugars are more stable than corr 
sponding glycosides of keto-sugars (3). It must 
also be realized that other factors found = 
naturally occurring glycosides, such as the natur 
of the alcohol, the presence of additiona! bh) 
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here are conflicts in the literature regarding 
the stability of some acetals and ketals. For ex 
ample, Bergmann and Miekeley (4, 5), using 
chemical methods of assay, state that 2-methyl-2 
methoxy-tetrahydropyran is quantitatively hy 
drolyzed within a few minutes in 0.0005.V hy- 
drochloric acid, whereas Linnell and Methuish (6), 
using chemical and enzymatic methods, report 
that this compound is resistant to hydrolysis by 
| \V hydrochloric acid during seventy-two hours, 
and is stable to permanganate, and, hence, is 
comparable in reactivity to the normal sugars 
Linnell and Melhuish also claim this to be a new 
substance, although it had been reported previ 
usly by Bergmann and Miekelev 

In view of the importance of glycosides as 
lrugs, and of the divergence of opinions relative 
\o the stability of the acetal and ketal bond, it ap 
eared important to study more detinitively, with 
newer techniques, the relative stability of a 
series of ecetals and ketals, with special reierence 
to the effects of 2-methylation and 3-hydroxyla 
tion of these compounds. The results of numer 
us experiments performed provide the basis for 
thisreport. 

Cyelie vinyl ethers, such as dihydropyran, are 
ughly reactive to a variety Of reagents, such as 
deohols. Paul (7) showed that dihydropyran 
reacts rapidly with hydroxyl-containing com 
pounds, in the presence of an acid catalyst, to 
ield acetals 


O 


I(R--CH 


In the presence of aqueous acids, the acetal is 
wdrolyzed to 2-hydroxy-tetrahydropyran (IT) 
i-hydroxyvaleraldehyde) and the alcohol 
O 

OR O 
I H 
+ H—O8 - > + R--OH 


Parham and Anderson (S) suggested that this 


reaction be used advantageously as a means of 


protecting the hydroxyl group during reactions 
arried out in an alkaline medium, as the acetal 
srelatively stable in alkaline solutions and can 
restored to the original hydroxy-compound by 


mild acid hydrolysis 


Ketals of 2-methyl-A*-dihydropyran (anhydro 


yaceto-m-butyl alcohol) are formed by reaction 


2 methyl-A*-dihydropyran with an alcohol 
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Ci 
OR 


(R 


Acid hydrolysis of this ketai yields 2-methyl-2 
hydroxy-tetrahydropyran (IV) (y-aceto-n-butyl 
alcohol) and the alcohol (7, %11). 

O CH; O CH 


He 
+ 


It has been shown by spectroanalysis that 6 
hydroxy aldehydes, such as 6-hydroxy-valeralde 
hyde, exist primarily in the cyclic form as hemi 
acetals (11-14), whereas the 6-hydroxy ketone, 
y-aceto-n-butvl alcohol (IV) has been shown to 
exist mainly in the open chain form (14). The 
reactions of both types of compounds are ex- 
plained mainly on the basis of the cyclic hemi- 
acetal and hemiketal structures. This is evi- 
denced by the fact that each type of compound 
will react with alcohols to form cyclic acetals and 
ketals which are identical to those formed from 
analogous cyclic vinyl ethers and alcohols (4-6). 

Naturally occurring glycosides, hkewise, are 
tvpified by the acetal linkage of hydroxyl-con- 
taining compounds to various sugars. The 
analogy between compounds II and IV with 
sugars and between I and III with glycosides was 
pointed out by Bergmann and Miekeley (4, 5) 
and by Linnell and Melhuish (6). 

3-Hydroxy-y-aceto-n-butyl aleohol was pre 
pared by Bergmann and Miekeley (4) by hy 
droxylation of anhydroacetobutyl alcohol with 
perbenzoic acid, and was shown to exist in 
equilibrium with the pyranose hemiacetal form, 
2-methyl-2,3-dihydroxy-tetrahydropyran (V). 


CH, +4 -COOOH + H—OH — 
COOH 
Oo CH, 
OH 
OH 


Compound V underwent condensation with al- 
cohols, similar to the reactions of acetobutyl alco- 
hol, to yield cyclic ketals. 


CH, oO. CH; 
OH + R —-OH > YOR 
OH OH 


VI (R=-CHs) 


| 


No 
el n 
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fore be 
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R 61, 
Met hod ars 
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H?* OR 
+ > 
) 
7 
= 
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Compound V and its methyl acetal VI were com 
pared with other carbohydratesand glycosides and 
analogies were made in their properties and re 
activities 
Recently, Hurd and Kelso (15), and Hurd, 
Moffatt, and Rosnati (16) prepared 2,3-dihy 
droxy-tetrahydropyran (VII) from dihydropyran 
and hydrogen peroxide in the presence of osmium 
tetroxide 
O O 


OsO, 
— > 


OH 


OH 
Vil 


rhe resulting carbohydrate was compared with 
other desoxvaldopentoses (15, 17). 

In order to complete the series of acetals and 
ketals to be studied, the methyl acetal of com 
pound VII was synthesized by reacting VII with 
The resulting 
compound was 2-methoxy-3-hydroxy-tetrahydro 
pyran (VIII) 


1°; methanolic hydrochloric acid 


O O 


OH H+ OCH; 
OH * 
VIII 


In addition to the above compounds, 2-chloro 
tetrahydropyran (IX), 2-chloro-2-methyl-tetra 
hydropyran (X), and the “disaccharide” 2’-tetra 
hydropyranyloxy-2-tetrahydropyran (XI) were 
synthesized and tested for stability in dilute 
aqueous acids 


© Cl (> CH; oO 
Cl 
IX x XI 
EXPERIMENTAL 


The physical properties and references to the 
syntheses of the various compounds are listed in 
rable I. 

Synthesis of 2-Methoxy-tetrahydropyran (I). 
Compound I was synthesized by the method of 
Paul (7) as modified by Woods and Kramer (11) 
The synthesis involves the reaction of dihydropyran 
with methanol containing hydrochloric acid, neu- 
tralization of the acid with sodium hydroxide pellets, 
then distillation of the product 

Synthesis of 2-Hydroxy-tetrahydropyran (II). 
Dihydropyran, purified by drying over Drierite' for 
several days, then fractionating at 83.8-84.0° at 
742 mm., was hydrated by the method of Schniepp 
and Geller (18), using aqueous hydrochloric acid, 
to yield II Methylation of II in 1°) methanolic 
hydrochloric acid at 50° for one hour and fraction- 
ation of the mixture yielded a product identical 
with I 


'W. A. Hammond Drierite Co 
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Synthesis of 2-Methyl-2-hydroxy-tetrahydro- 
pyran (IV) (y-Aceto-v-butyl Alcohol). Compound 
IV and its anhydro-derivative, 2-methyl-A*-dihydro 
pyran (anhydro-y-aceto-n-butyl alcohol) were pre 
pared by the method of Lipp (19, 20), with modifica 
tions (6, 21). The synthesis involves the mono 
condensation of 1,3-dibromopropane with the so 
dium salt of cthylacetoacetate, followed by acid 
hydrolysis to IV. The anhydro- derivative i 
formed by gradual heating of IV to a temperaturi 
below its boiling point, at which point water is lost 
from the molecule and the anhydro- product dis 
tills, along with the water. 

Synthesis of 2-Methoxy-2-methyl-tetrahydro- 
pyran (III).—-Compound III was synthesized by) 
mixing IV with 1°; methanolic hydrochloric acid 
heating the mixture to 50° for one hour, and frac 
tionating the mixture without neutralization. Th 
product distilled at 131-133°, which does not agri 
well with that reported to be at 116-117° (6). An 
identical product was obtained when the anhydr 
derivative, 2-methyl-A?-dihydropyran, was allowed 
to react with methanol containing a trace of hydro 
chloric acid, the reaction being more vigorous and 
highly exothermic 

Synthesis of 2-Methyl-2,3-dihydroxy-tetrahydro- 
pyran (V).—Compound VY was prepared from 
methyl-A*-dihydropyran by hydroxylation with an 
ethereal solution of perbenzoic acid, saturated with 
water, by the method of Bergmann and Miekeley 
(5). The perbenzoic acid was prepared from ben- 
zoyl peroxide and sodium methoxide in chloroform by 
the method of Tiffeneau (22). The resulting com 
pound was a crystalline solid 

Synthesis of 2-Methoxy-2-methyl-3-hydroxy- 
tetrahydropyran (VI)..—This synthesis was carric« 
out in a manner similar to that reported by Berg 
mann and Miekeley (4,5). Compound V, dissolved 
in 0.01 N methanolic hydrochloric acid, was allowed 
to react for one hour at room temperature, after 
which the mixture was fractionated, yielding V1 

Synthesis of  2,3-Dihydroxy-tetrahydropyran 
(VII).—Compound VII was synthesized by the 
o-inium tetroxide catalyzed hydroxylation of puri 
fied dihydropyran by the method of Hurd and 
Kelso (15). 

Synthesis of 2-Methoxy-3-hydroxy-tetrahyd-o 
pyran (VIII).—Ten grams of VII was dissolved in 
50 ml. of 10% methanolic hydrochloric acid and the 
resulting solution was allowed to stand at room 
temperature for one hour, after which it was heated 
to 50° for one hour. Fractionation of the resulting 
mixture yielded a liquid which boiled at 48-55 
It was clear, colorless, and very mobile in contrast 
to the syrupy VII. Compound VIII had a faint 
pleasant odor 

Anal.—Caled. for CsHwO;: C, 54.5; H, 9.09 
Found: C, 53.6; H, 9.08 

Synthesis of 2-Chloro-tetrahydropyran (IX. 
Dry hydrogen chloride gas was bubbled into 8.4 Gm 
(0.1 mole) of purified dihydropyran until 3.65 Gm 
(0.1 mole) had been absorbed (23). External cool 
ing was applied during the addition of hydrogen 
chloride. The product was distilled several times, 
under reduced pressure, yielding LX 

Synthesis of 2-Chloro-2-methyl-tetrahydropyran 
(X).—Compound X was prepared in a manner 
analogous to the synthesis of IX. Dry hydrogen 


chloride gas was bubbled through 9.8 Gm. (0.1 mole 
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TABLE I 


‘Taken at 21 * Melting point, 73 


ss the diacetate at 109-111°/1-2 mm_, then deacetylated 


f{ 2-methyl-A?-dihydropyran until 3.65 Gm 
mole) had been absorbed 
150° at 18 mm 
5-48° at 18 mm 

Compounds IX and X were very unstable, even at 
° Fuming, discoloration, and polymerization 
vere noted after standing for a few days. The 
rates of hydrolysis of these compounds were deter- 
nined immediately after distillation. The 2- 
romo- derivative of 2-methyl-tetrahydropyran had 
een previously synthesized, but was too unstable 
to be isolated in pure form (10) 

Synthesis of 2’-Tetrahydropyranyloxy-2-tetra- 
hydropyran (XI).-.Compound XI was synthesized 
y mixing dihydropyran with II and catalyzing the 
reaction by the addition of hydrochloric acid, by the 
nethod of Paul (7). An identical product was 
btained from a mixture of IX and II, or by de- 
ydration of II 

Anal.—Caled. for CyoHisOs: 
ound: C, 64.1; H, 9.64 

Spectrophotometric Analysis of Rates of Hy- 
drolysis.-All analyses were run in a Beckman 
wdel DU spectrophotometer, equipped with a 
‘vlab voltage stabilizer connected with a 115 
Itage a.-c. power supply through a Sol constant 
Itage stabilizer. The temperature within the cell 
mpartment of the spectrophotometer was main- 
tined at 29-30° by water cooling of the lamp hous- 
iy. All readings were made between 220 and 
10 my, thus a hydrogen lamp was used as the light 
urce throughout all of the experiments 

The absorption maximum was determined for 
wh compound analyzed (see Table I) either in 

iter, dilute acids, or an anhydrous solvent, such as 

clohexane. Acid concentrations were carefully 
tandardized. The more dilute acids were prepared 

y dilution of the more concentrated standard acids 


(0.1 
The product distilling at 
was collected and redistilled at 


C, 64.5; H, 9.67. 


{ll water used was deionized, distilled, and freshly 
willed. The cyclohexane used was Spectro grade.” 
Procedure.—-After establishment of the absorp- 
m maximum for each compound, the rates of 
ydrolysis of the glycosides and chloro- compounds 


*hastman Kodak Co. 
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Corrected to atmospheric pressure unless otherwise noted 
K J Melting point, 72-73 


PHYSICAL PROPERTIES AND SYNTHESIS REFERENCES OF THE VARIOUS COMPOUNDS 


Com Synthesis Boiling Point Cc mp? Absorption 
pound Reference Reported Found Reported Found Maximum, my 
I (7, 11) 125 (7) 123 125 1.4262 1.4257 270 
128 (11) 
II (18) 54-55/3 min 54-56 /3 mm 1.4514: 1.4461° Beyond 220 
Ill (4-6) 76/100 mm. (4, 5) 78-80/100 mm. 1.427: 1.4278 Beyond 220 
116-117 (6) 131-133 
IV (4-6, 19, 20) 110-115/22 mm. (6) 109-115/20 1.4438? 1.44224 270 
mm. 
V 4) ‘ 277 
VI ) 76-77 /9-10 mm 78-79/12 mm. 45429 1.4538 Beyond 220 
VII (15, 16) a h 1.4809 266 
VIII 52-53 /1-2 mm. 1.4533 Beyond 220 
IX (23) 42/11 mm 49-50/20 mm. Beyond 220 
X 45-48/18 mm. 235 (water) 
Beyond 223 (cyclo- 
hexane) 
XI (7) 106-110/12 mm 45-50/1 mm 1.46589" 1.4638 270 (water) 


Beyond 223 (cyclo- 

hexane ) 
6 Taken at 20° unless otherwise noted. © Taken at 25° 
* Taken at 18°. 4 Heavy syrup; purified by distillation 


i Taken at 17°. 


were determined in acids of various concentrations 
In following the rates of hydrolysis of the glycosides 
to their respective sugars plus methanol, i. e., 1 —~ 
Il + methanol, II] ~ IV + methanol, VI —~ V + 
methanol, VIII — VII + methanol, XI — 2I], 
and of the chloro- compounds to their respective 
sugars plus hydrochloric acid, i. e., IX — II + 
hydrochloric acid, X — IV + hydrochloric acid, 
each compound being hydrolyzed was run against 
the solvent as the blank. Simultaneously, equi- 
molar concentrations of the sugar plus methanol, 
where applicable, were run against the same solvent 
The rates at which the absorbances of the hydrolyz- 
ing solutions approached that of the sugar solutions 
were determined. The rates of hydrolysis were 
determined either by comparison with absorbances 
of solutions of known composition, or by calcula- 
tion.* For example, a mixture containing III, IV, 
and methanol, each in a 0.01 M concentration, 
corresponds to 50° hydrolysis of a 0.02 M solution 
of III. Other points corresponding to 25, 75, and 
90°, hydrolysis were similarly determined for each 
hydrolyzing compound, where possible. Only the 
50°, hydrolysis, corresponding to the half-lives of 
the compounds, are herein reported (see Table II) 
Unless otherwise noted, 0.02 17 concentrations of 
glycoside, sugar, and methanol were employed 

The hydrolysis of I to Il was determined at 224 
my. This does not correspond to the maximum for 
either I or Il. However, it was found that an 
intermediate compound apparently forms during 
hydrolysis, which has its maximum at that point 

The hydrolysis of III to IV was determined at 
270 my, the absorption maximum of IV. The ab- 
sorption maximum of III was beyond 220 mg. The 
hydrolysis of VI to V was determined at 277 mug, 
the absorption maximum of V. The maximum of 
VI was beyond the 220 my range. The hydrolysis 
of VIIL to VII was determined at 266 my, the 
absorption maximum of VII in acids 

The rate of hydrolysis of LX to I] was determined 
at 235 mu, the absorption maximum of 1X in water 

* The author is indebted to Dr. 


Richard P. Smith for 


assistance with some of the calculations. 
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TABLE II Hae-Lives® OF THE VARIOUS GLYCOSIDES AND CHLORO- COMPOUNDS IN HYDROCHLORIC ACID 
or VARIOUS CONCENTRATIONS AND pH 7 IsUPFER SOLUTION 


Acid Concentration 
Compound 1 \ ory oor y N \ pH? Buffer 
I 5 1.200 
Ill 0.2 0.2 102 
V1 <0 25 0.78 240 2,400 
VIII ? hours 
IX Very rapid hydrolysis in all aqueous solvents 
X Very rapid hydrolysis in all aqueous solvents 
XI 2 60 
Figures indicate time in minutes 
In cyclohexane, the maximum was beyond 223 my ROLYSIS OF ‘ NOENTRATION 
The rate of hydrolysis of X to 1V was determined at é ( Yoo Fou 
270 my, the absorption maximum of IV in water * 
Compound X exhibited a maximum beyond 223 my 54 
in cyclohexane 
The rate of hydrolysis of XI to IL was determined € ad 
at 224 mu. During the hydrolysis, the absorption 
maximum of XI shifted from 270 my to that point 
A 0.01 M solution was used, with the expectation s! 
that after hydrolysis the absorption would corre : ¢ 


spond to that of a 0.02 M solution of II 
RESULTS 


The results of acid hydrolysis of the various 
glycosides and the disaccharide (XI) are shown 
graphically in Figs. 1-5. The half-lives of the 
hydrolyzing solutions are given numerically in 
Table Il 

The results of the hydrolysis of IX indicated that 
it was almost immediately hydrolyzed by water or 
acids. However, the absorption maximum for this 
compound in water was noted to be 235 my, which 
does not correspond with the absorption of II, as 
would be expected. It was synthesized in the 
belief that it might be the imtermediate formed 
during the hydrolysis of 1. However, as the absorp 
tion does not correspond with that of the inter 
mediate (224 my) this appears doubtful. No 
explanation is offered at this time for its behavior. 
The absorption maximum for this compound in 
evelohexane is beyond 223 mu 

The hydrolysis of X was measured at 270 my, the 
absorption maximum of IV. All measurements, in 
water or acids, indicated complete hydrolysis of com 
pound X within fifteen seconds, the time required to 
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Fig. 1. Hydrolysis of I to Il in 0.1 Nand 1 N HCl 


Fig. 2.- Hydrolysis of IIT to TV in 0.001 N, 0.0001 
N, O.OOOOL N HCI, and in pH 7 buffer 
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Fig. 3.- Hydrolysis of VI to V in O.1 NV, 
O.OOL N, 0.0001 N, and 0.00001 N HCl 


make the first reading after dissolving the compound 
in the solvent. Absorbance measurements agreet 
well with those of solutions of IV in equim ar 
concentrations. When examined in cyclohexan 
X exhibited an absorption maximum beyond 225 mu 


DISCUSSION 


From Fig. 1 it can be seen that during the hy 
drolysis of I an intermediate compound of unknown 
identity, is formed. A question may arise as t 
whether this intermediate is formed before, during, 
or after hydrolysis occurs. Figure 5 indicates that 
it occurs during hydrolysis, as compound 
hydrolyzes to form an intermediate having an ab 
sorption maximum at the same wavelength. It can 
also be seen from Fig. 5 that from a 0.01 M solution 
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HCl. 


f XI, eventually a 0.02 M solution of II is formed 
However, during the hydrolysis, the absorption does 
not reach the point attained by the hydrolysis of a 
102 M solution of |. Apparently the intermediate 
forms from only one-half of the disaccharide X1. 
It will also be noted that the methyl glycoside I 
wdrolyzed at approximately the same rate as did 
the disaccharide XI in acids of the same concentra- 
tion 
From Fig. 3 it can be seen that both VII and VIII 
we affected by 1 N hydrochloric acid, the concentra 
tion of acid required to effect hydrolysis of VIII 
The rates of hydrolysis of compounds III and VI 
were measured graphically by plotting against the 
transmittance of solutions of known concentrations 
onitaining the glycosides and their hydrolytic 
products, the sugars, and methanol 
From the results tabulated it can be seen that 
there is a several thousandfold difference in the rates 
f hydrolysis of compounds I and III as a result of 
2methylation. A similar comparison between VI 
and VIII substantiates this observation. The 
lifferences attributable to 3-hydroxylation may be 
seer. by comparing the half-lives of compounds I and 
VII[, or of compounds III and VI. The data thus 
btained are in agreement with previous reports 
1-), 24) relating to the increased rate of hydrolysis 
f elycosides due to 2-methy'ition, and the de- 
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creased rate due to 3-hydroxylation, the greater 
effect being attributable to 2-methylation 

The results of the hydrolysis of compound III, as 
shown in Fig. 2 and in Table II, are in agreement 
with the data reported by Bergmann and Miekeley 
(4, 5), and disagree markedly with that reported by 
Linnell and Melhuish (6) 


SUMMARY 


1. 2-Methoxy-tetrahydropyran, 2-methoxy-2 
methyl-tetrahydropyran, 2-methoxy-3-hydroxy 
- methoxy - 2 - methyl - 3 
hydroxy-tetrahydropyran, 2-chloro-tetrahydro 
pyran, 2-chloro-2-methyl-tetrahydropyran, and 
2’-tetrahydropyranyloxy-2-tetrahydropyran were 


tetrahydropyran, 2 


synthesized and subjected to acids of various con 
centrations and their rates of hydrolysis deter 
mined by following the changes in absorbance. 

2. The free hemiacetals of each of the above 
compounds were synthesized. Solutions of these 
compounds were examined spectrophotometri 
cally, their absorbances being used as the basis 
for determining the end point of the hydrolysis 
of the above listed compounds 

4. Studies indicate that 2-methyl substitution 
in tetrahydropyran increases the rate of hy- 
drolysis of the methyl glycoside several thousand 
times 

t. Studies indicate that 3-hydroxylation of the 
methyl glycosides of tetrahydropyran derivatives 
decreases the rate of hydrolysis in the range of 
200 to 1,200 times, depending somewhat on pH. 
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Chromatographic Separation of the Phenolic 


Compounds of Cannabis sativa* 


By ROBERT S. DE ROPP 


A method is given for partially purifying the 

phenolic components of Cannabis sativa resin 

and for separating these components by means 

of paper chromatography. The application 

of this method for the preparation of pure 

cannabinol and _ tetrahydrocannabinol is 
described. 


T= ACTIVE principle of the resin from Cannabis 

sativa, commonly known as red oil of hemp, 
resisted for many years the efforts of chemists to 
purify it and determine its structure. It was 
not until 1941 that Wollner, Matchett, Levine, 
and Loewe (1) described the isolation from Indian 
charas of tetrahydrocannabinol which was very 
potent physiologically, as man‘fested by its 
effect on dogs. This material, a colorless, vis 
cous, »ptically active oil, was tsolated as the 
acetate. 

Adams and co-workers had already, at this 
time, determined the structure of cannabinol 
(2), isolated cannabidiol (3) and isomerized it to 
two isomeric, physiologically active tetrahydro 
cannabinols (4). Subsequently Adams and co- 
workers synthesized a series of analogs of tetra 
hydrocannabinol. One of the compounds they 
made had a potency considerably greater than 
that of natural tetrahydrocannabinol 

These compounds belong in a class by them- 
selves, being completely unlike any other agents 
affecting the central nervous system. Chemi 
cally, they are all dibenzpyrans, their pharma 
cological activity being affected by the nature of 
the substituents and the location of double bonds 
Some, like the tetrahydrocannabinols, are viscous, 
colorless oils. Others, (cannabinol and canna 
bidiol) can be crystallized. The chemical struc 
tures of some of the naturally occuring and syn 
thetic substances belonging to this group are 
shown below. 

CH, 


CH, CH, 


I Cannabinol 


* Received January 15, 1960, from 
Department, Biochemical Research Section, Lederle Labora 
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the Biochemistry 


H. CH 
=— 
x 
/ \ 
H \ OH 
H.C CH 


Il Cannabidiol 


CHH oy 


\ 
CH; CH, 
Ill Tetrahydrocannabinol 


Stereo and optical isomerism make possible the 
existence of several different tetrahydrocanna 
binols. Of the synthetic compounds assayed by 
the dog ataxia test, potency was shown to be 
affected by the length of the side chain in position 
3, the substituent — CH (CH,)C;H), conferring a 
potency 32.6 times that of the C;H),(7) standard 
and about twice that of natural tetrahydro 
cannabinol acetate (5). 

Despite the recent upsurge of interest in 
chemopsychiatriec agents little work has been 
done on the mode of action of tetrahydrocanna 
binol. It produces in man a variety of reactions 
ranging from euphoria to depression, but the 
extreme unpredictability of its action has dis- 
couraged its use though synthetic preparations of 
the resin (Synhexyl or Pyrahexyl) have been 
available for several years. The pharmacology 
of these substances has been reviewed by Loewe 
tO). 


EXPERIMENTAL 


Preparation of Phenolic Fraction. —Forty pounds 
of Mexican marihuana! was reduced to a coarst 
powder in a mull. The powdered material was 
processed in batches of about 6 Kg., each batch 
stirred with 6 L. of methanol, packed in a 12 X 
155-cem. column, and allowed to stand for twenty- 
four hours. The mass was percolated with methanol 
for a further twenty-four hours, 12 L. of percolate 
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being recovered. The solvent removed in 
vacuo and the residue was suspended in 4 L. of water 
which was extracted three times with 600 ml. of 
petroleum ether. Solvent was removed from the 
petroleum ether fraction which yielded 212.22 Gm 
of solids. The aqueous fraction was discarded 

Solids from the petroleum ether fraction were dis 
solved in fresh petroleum ether and passed through a 
90 X 600-mm. column of 1,720 Gm. Florisil (acti 
vated magnesium 100-200 mesh. The 
column was eluted with a further 2 L. of petroleum 
ether. The first 600 ml. containing a colorless oil 
was rejected. The second fraction containing a red 
oil was collected and freed from solvent. The yield 
was 10.286 Gm. of red oil. This red oil fraction pro 
duced ataxia in a dog at 25 mg./Kg.* 

Colored impurities were removed from the red oil 
fraction by passing the material in petroleum ether 
through a second 40 X 600-mm. column packed with 
160 Gm. Florisil, eluting with 500 ml. petroleum 
ether which removed an inert oil, followed by 750 
ml. benzene which removed 1.123 Gm. of a mixture 
of phenolic compounds in the form of an almost 
colorless resin (referred to as the phenolic fraction ) 
In other preparations of red oil, large amounts of 
inert oil from the hemp seeds first had to be removed 
by passing the material in chloroform through a 
column of alumina. The inert oil was eluted by 
chloroform; the phenolic fraction was removed with 
methanol 

Paper Chromatography of the Phenolic Fraction. 
As the phenolic fraction was almost completely in 
soluble in water, a nonaqueous solvent system had 


was 


silicate ) 


to be found capable of separating its components 
The system, cyclohexane: N,N-dimethylformamide, 
10:1, gave satisfactory results. Sheets of Whatman 
No. 1 paper were first spotted with the material to 
be chromatographed. The sheets were then passed 
quickly through a bath containing the dimethyl- 
formamide phase of the above system until the line 
of solvent was about | cm. below the starting line 
The sheets were then blotted, placed in the chroma- 
tography chamber, and left for one hour to come to 
equilibrium with the solvent vapors in the jar 
The mobile phase (cyclohexane) was then added and 
the strips allowed to develop (descending) for eight 
hours. After drying, the sheets were examined in 
the light transmitted from a germicidal lamp passed 
through filter No. 9863 (Corning Absorbing and 
fluorescent were marked. The sheets were 
then spraved with freshly made diazotized sulfanilic 
acid, with which reagent the phenolic components 
of the material gave vellow or orange chromophores 

lable I shows the results obtained by 
this tvpe of chromatography 

Eight spots developed on the strips after spraying 
with diazotized sulfanilic acid. Three of these 
R, 0.22, 0.36, 0.55) absorbed in the U. V. sufficiently 
strongly to be visible when the sheet was laid over a 
U. \ Both the color and the rate at which 
it developed with diazotized sulfanilic acid varied 
with different compounds. Crystalline cannabidiol 
produced a lemon-yellow spot almost instantly 
which had an Ry value of 0.12 and corresponded to 
spot No. 2 in the phenolic fraction. Cannabinol® 
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Assays of activity were carried out by Dr. G 

the Experimental Therapeutics Research Section 

* The cannabidiol was kindly supplied by Dr. J 
and the cannabinol by Dr. Roger Adams 
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TaBLe I-—-Rf Vatuges, U. V. ABSORPTION, 


AND 
REACTIONS TO D1IazoTIZED SULFANILIC Acip (DSA) 


OF COMPONENTS OF THE PHENOLIC FRACTION OF 


Cannabis sativa 


Ry of Intensity of Color With Probable 
Spot U_ V. Absorption ISA Identity 
0 07 = Pale yellow ? 
0.12 - Pale yellow Cannabidiol 
0.22 + Frown ? 
0.36 + + + + Orange Cannabinol 
0.41 - Yellow ? 
0.55 +++ Yellow Tetrahydro- 
cannabinol 
0.6 - Yellow ? 
0.73 = Yellow ? 
0.93 - Yellow ? 


gave an orange spot which did not become visible 
until thirty minutes after spraying. It corresponded 
to spot No. 4 (Ry, 0.36) in the phenolic fraction and 
was the spot which absorbed most strongly in the 
UV. spet No. 5in the phenolic fraction overlapped 
with No. 4 and gave a yellow color which developed 
more rapidly than did the orange spot of cannabinol 
Spot No. 6 (R, 0.55) corresponded to the pharma- 
cologically active fraction of this material. This 
was presumed to be tetrahydrocannabinol. Com 
pound No. 7 gave a spot which partly overlapped 
with that of No.6. It was present in some, but not 
all, of the preparations of the phenolic fraction 
Compounds Nos. 8 and 9 (Ry, 0.73 and 0.93) gave 
faint lemon-yellow spots and no visible absorption 
inthe U.V 

Partition Chromatography on Celite of the 
Phenolic Fraction. —Celite 545 (diatomaceous earth ) 
(150 Gm.) was thoroughly mixed with 75 ml. of the 
lower phase prepared by shaking together 1,500 ml 
evelohexane with 200 ml. of dimethylformamide 
The Celite was packed in a column (37 X 580 mm.) 
the hold-back volume of which was 300 ml. The 
phenolic fraction, 1.448 Gm., was dissolved in the 
upper phase of the above solvent system and placed 
on the column. The upper (moving) phase of the 
solvent system was allowed to flow through the 
column at the rate of 2 ml. per minute. Cuts (25 
ml.) were collected and washed twice with 75 ml. of 
water to remove the dimethylformamide. Three- 
tenths milliliter from each cut was diluted with 2.7 
ml. of methanol and its absorption at 280 mu was 
determined 

The two main peaks were well separated; the 
first, eluted in the second hold-back volume con- 
tained compound No. 6 with traces of No. 4. The 
second main peak, eluted in the third and fourth 
hold-back volumes, contained almost pure com- 
pound No. 4. Cuts were pooled as shown in Table 
Il and the solvents removed im vacuo. The distri- 
bution of solids indicates that compound No. 6 (? 
tetrahydrocannabinol) was present in more than 
double the concentration of compound No. 4 
(cannabinol) and constituted about 26°, of the 
total solids in this preparation of the phenolic frac 
tion 

In this preparation the amount of inert oil was 
high (cuts 1-5 total solids 494 mg.). To reduce the 
inert material, 1.094 Gm. of phenolic 


fraction was dissolved in 25 ml. of the upper (cvelo 
hexane) phase of the solvent svstem and extracted 
twice with 25 ml. of the lower (dimethylformamide ) 
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Taste II PARTITION OF PHENOLIC COMPONENTS 
or Cannabis sativa ON CELITE BY MEANS OF CyCLo- 
HEXANE/ DIMETHYLFORMAMIDE® 


Cuts Solids, mg Ry of DSA Spot 
1-5 404 No color 
6-7 No color 
12 No. color 
11-19 382 0.56 

23-32 182 0.37 

35-38 Trace 0.16 


* Cuts 25 ml, hold-back volume 300 ml., paper strips 
sprayed with diazotized sulfanilic acid (DSA) 


phase. The lower phdse contained 840 mg. of the 
solids which, after passage through a_ partition 
column as described above, yielded 360 mg. of 
compound No. 6 (48°). Other batches of the 
phenolic fraction prepared in this way gave similar 
vields of compound No. 6. The cannabinol content 
of such fractions was approximately 10°). The 
amount of cannabidiol in these preparations was less 
than 1°, 

Compound No. 6 (? tetrahydrocannabinol) as 
obtained in this way was active by the ataxia test in 
dogs. It wasa colorless resin which rapidly acquired 
a purple tinge on exposure to air, later becoming 
vellow, and finally dark brown. Prevention of 
these color changes proved extremely difficult and 
even samples sealed under nitrogen became altered 
in this manner to some extent. The material also 
frequently contained traces of dimethylformamide, 
enough to give as much as 1°% nitrogen on analysis 

Sublimation, Analysis, and Physical Character- 
istics of Active Fraction.— Further purification of the 
active fraction by sublimation at 97° at a pressure 
of <10~* mm. Hg yielded a nitrogen-free product 
giving a single spot (RX, 0.54) with the cyclohexane / 
dimethylformamide system. This colorless resin 
was solid at room temperature, had a specific rota 
tion of [a]4, — 161°, U. V. absorption min. 251, 
max. 275, 282 my (log ¢ 3.26, 3.28) shifting in 0.1 
N sodium hydroxide to min. 269, max. 292 my 
(log € 3.53) with a second peak at 325 my 

inal.—-Caled. for (tetrahydrocanna 
binol): C, 80.21; H, 9.62 Found: C, 79.13, 79.69; 
H, 9.89. 9.67 

The discrepancy between the found values for 
carbon and those calculated for tetrahydrocanna- 
binol is rather large. Data for the U. V. absorption 
agree closely with that obtained by Wollner, et a/., 
for a preparation of tetrahydrocannabinol prepared 
from Indian charas via the acetate (peaks at 276 
log « = 3.42 and 280 log « = 3.43) 

Compound No. 4 crystallized on standing and 
proved, on comparison with a synthetic sample of 
cannabinol from Dr. Roger Adams, to have an al- 
most identical U. V. absorption spectrum. Natural 
cannabinol max. 283, min.- 248 my (log « 4.22) 
Synthetic cannabinol max. 283, min. 248 my (log 
€ 4.25). This compound in 0.1 N sodium nydroxide 
(methanolic) gave double maxima and minima 

Natural cannabinol max. 283, win 263 my (log 
¢ 4.04, 328, log € 3.91, 310). Synthetic cannabinol 
max. 284, min. 263 mu (log ¢ 4.05, 328, log « 3.92, 


310 The |. R. absorption spectra of natural 
tetrahydrocannabinol and cannabinol are shown 
in Fig. 1 


The synthetic cannabinol from Dr. Adams, which 
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100; 


4 4 4 


Fig. 1.—Infrared absorption spectra of natural can 
nabinol (above) and tetrahydrocannabinol (below 


was the color and consistency of pitch when re 
ceived after ten years’ storage, was purified by 
passage through a cyclohexane /dimethylformamicd 
column and yielded five impurities of various shade 
of crimson, orange, and purple. About 88°) of th: 
sample was still cannabinol which indicates that this 
coumpound does not deteriorate as much as its 
change in color might suggest 


SUMMARY 


1. The solids from a methanolic extract of the 
flowering tops of Cannabis sativa were adsorbed 
on Florisil and eluted with benzene to vield a red 
oil producing ataxia in dogs at 10 to 25 mg./Kg 

2. Paper chromatography of the red oil using 
the system N,N-dimethylformamide and cyclo 
hexane separated eight phenolic components giy 
ing a yellow or orange color with diazotized sul 
fanilie acid. 

3. By partition chromatography on Celite 
using the above system the active fraction (tetra 
hydrocannabinol) was separated from the other 
components (cannabinol, cannabidiol) 

4. Further purification of the active fraction 
was achieved by high vacuum distillation 

5. The unsiable colorless resin produced in 
this way could not be crystallized. Analyses 
were in fair agreement with the theoretical re 
quirements for tetrahydrocannabinol (C2;H 
The other components isolated from this sampl 
of cannabis did not appear to have pharmacolout 
val activity 
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Determination of Prednisolone in the Presence 


of Hydroxyzine and in Formulations 
Containing Analgesics* 


By J. D. DUERR and B. A. PAPPAS 


A colorimetric method for the determination of prednisolone in the presence of hy- 
droxyzine |1-(p-chlorobenzhydryl)-4-2-(2-hydroxyethoxy) ethyl piperazine}, acet- 


ylsalicylic acid, caffeine, and acetophenetidin is proposed. 


Samples of tablet form- 


ulations containing prednisolone and the above mentioned compounds were assayed 

by the addition of sulfuric acid and ferric chloride to alcoholic solutions of the active 

ingredient and subsequent measurement of the absorbance of the resulting colored 
solutions. 


hee MANUFACTURE of formulations containing 

prednisolone combined with tranquillizers or 
Predni 
luct, is quite 


analgesics has been rapidly increasing 
solone, when present alone in a | 
simple to determine. The addition of other com 


pounds, however, increases the difficulty of 
quantitatively determining prednisolone using 
the existing assay procedures. Three methods 
in general use are: ultraviolet absorption (1); 
colorimetry, using triphenyltetrazolium chloride 
in an alkaline, alcoholic medium (2); and color 
imetry, by the addition of concentrated sulfuric 
acid to dry prednisolone powder (:3) 

In the presence of hydroxyzine or the anal 
gesics, simple ultraviolet absorbance measure 
ments cannot be made without recourse to com- 
plicated The color 
formed triphenyltetrazolium chloride is 


extraction 
with 
destroyed by 


procedures. 


hydroxyzine or acetylsalicylic 


acid. Extracting the active ingredients, evapo- 
rating the solvent, and adding concentrated sul 
furic acid to the residue gives erratic and incon- 
sistent results. The proposed method eliminates 
complicated extractions and produces a stable 


color 


EXPERIMENTAL 
Reagents.- The following reagents were used 
throughout the procedure: (a) 3A alcohol 

SDA SA alcohol which is composed of 100 gallons 
1 1%)-proof ethyl alcohol + 5 gallons of methyl 
teohel); 10°) w/v aqueous ferric chloride solu- 
hon; (¢) concentrated sulfuric acid (reagent grade): 
ind (d) a solution of concentrated sulfuric acid 4 
SA alcohol (2:1) 

Absorption Maximum.--A sample of standard 
prednisolone (100°) purity by chromatography ) 
vas dissolved in 3A alcohol to give a concentration 
f02mg./ml AS-ml. aliquot containing 0.6 mg. of 
prednisolone was transferred to a 25-ml. glass- 
stoppered volumetric flask Because of the heat 
‘volved when the sulfuric acid was added to the 


assay 


* #eceived January 13, 1960, from Chas 


ne Process Development Laboratory 
Dy 
*ratuction and Packaging Dept., Brooklyn 


Phizer & Co 
Pharmaceutical 


alcoholic solution of the active materials, the size 
and shape of the container was critical. It was 
necessary to use 25-ml. volumetric flasks to obtain 
reproducible results when following this assay 
procedure. The aliquot was diluted to 5 ml. with 
3A alcohol. Five milliliters of 3A alcohol was 
transferred to a 25-ml. volumetric flask for the 
blank. Five milliliters of concentrated sulfuric 
acid was then added to the active aliquot and the 
blank while the flasks were being swirled to avoid 
spattering. The flasks were then stoppered and 
inverted but not shaken. They were then allowed 
to stand right-side-up at room temperature for 
exactly five minutes. Ferric chloride hexahydrate 
aqueous solution, 0.02 ml. of 10° w/v, was then 
added. The flasks were stoppered tightly and 
inverted a few times. They were then placed in a 
water bath at 20° for five minutes. At the end of 
this time, 5 ml. of 3A alcohol was added. The flasks 
were then shaken and allowed to stand in the 20° 
water bath for five minutes. The absorbance was 
read against the prepared reagent blank on a Cary 
recording spectrophotometer model 11 The 
absorption maximum was found to be at 525 mu 


Conformity to Beer’s Law.—-Aliquots containing 
0.2, 0.4, 0.6, O.8 and 1.0 mg. of prednisolone were 
transferred to glass-stoppered 25-ml. volumetric 
flasks from the standard solution prepared for the 
determination of the absorption maximum The 
aliquots were diluted to 5 ml. with 3A alcohol, and 
5 ml. of 3A alcohol was used as the blank. The 
assay procedure used in determining the absorp- 
tion maximum was followed. The absorbances of 
the active aliquots were read against the prepared 
reagent blank on a model B Beckman spectropho- 
tometer. The abserbances obtained were plotted 
against their respeetive concentration per aliquot, 
and the straight line proved conformity to Beer's 
law. The assay results appearing in Tables I to 
III were calculated by running a reference standard 
at the time of assay 


Assay of Labozatory Mixtures Containing Known 
Amounts of Prednisolone..-Mixtures containing 
30-60 mg. of prednisolone, 250 mg. hydroxyzine 
hydrochloride, 5 Gm. acetylsalicylic acid, 2.5 Gm 
acetophenetidin, and 750 mg of caffeine were 
transferred te 250-ml. volumetric flasks. 3A 
Alcohol was added about three-fourths to mark and 
the mixtures shaken for fifteen minutes. The 
flasks were then diluted to volume with 3A alcohol 
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The solutions were filtered through Whatman 
No. 2 filter paper and aliquots containing 0.3, 04, 
and 0.5 mg. were transferred to 25-ml. glass-stop- 
pered volumetric flasks. The assay procedure used 
in the determination of the absorption maximum 
was followed. The recovery figures of prednisolone 
from the synthetic mixtures were calculated from a 
reference solution of prednisolone standard in 3A 
alcohol and appear in Table I 


TABLE I.—-RECOVERY OF PREDNISOLONE FROM 
LABORATORY MIXTURES CONTAINING KNOWN 
AMOUNTS OF PREDNISOLONE, ACETYLSALICYLIC 
Acip, ACETOPHENETIDIN, AND CAFFEINE 


Prednisolone 


Laboratory heoretical 


Blend Content Assay Recovery, 
No Gm Gm % 

0.0403 0. U398 98.7 
2 0.0504 0.0500 99.2 
0.0302 0.03803 100.3 
4 0.0500 0.0501 100.2 
5 0.0600 0.0601 100.1 
6 0.0251 0.0254 101.1 
7 0.0354 0.0354 100.0 


Assay of Prednisolone Tablets... A known quan 
titv of tablets were weighed to determine the average 
weight of one tablet. They were then ground to a 
fine powder. A sample of the powder was shaken 
with 3A alcohol for fifteen minutes and then diluted 
to contain 0.2 mg./ml. of prednisolone. Aliquots 
containing approximately 0.2, 0.4, 0.6, and O.S8 
mg. of prednisolone were transferred to glass 
stoppered 25-ml. volumetric flasks. The aliquots 
were diluted to 5 ml. with 3A alcohol, and 5 ml. of 
3A alcohol was used for the blank. The assay 
procedure used in determining the absorption 
maximum was then followed. The results of the 
assays are shown in Table II 


TABLE II.--Assay OF PREDNISOLONE TABLETS 


Sample Label Assay, 
No mg./ Tablet mg. ‘Tablet 
1 0.491 
2 O.50 0.501 
3 0.50 0.502 
4 0.50 0.504 
5 0.50 0.499 
6 0.50 0.498 
7 0.502 


Assay of Prednisolone in the Presence of Hy- 
droxyzine.-A quantity of tablets containing pred- 
nisolone and the tranquillizer hydroxyzine were 
weighed to determine the average weight of one 
tablet. They were then ground to a fine powder 
A sample of the powder containing approximately 
50 mg. of prednisolone was transferred to a 250-ml 
volumetric flask. 3A alcohol was added half way 
to mark and the mixture was shaken for fifteen to 
twenty minutes. The flask was then brought 
to mark with 3A alcohol. After filtering through 
paper, the same procedure was followed as in the 
assay for prednisolone tablets. The results of the 


assays are shown in Table III 


TABLE III1.—-DETERMINATION OF PREDNISOLONE IN 
TABLETS CONTAINING THE APC FORMULA OR 
HyDROXYZINE 


Label A 
Lot No. mg. /Tablet mg. . 
Prednisolone + l 1.00 1 00 
Hydroxyzine 2 1.00 1.00 
3 1.00 1.10 
4 2.50 2.70 
5 2.50 2.60 
6 5.00 5.10 
7 5.00 5.08 
S 5.00 5.10 
9 5.00 4.98 
10 5.00 
11 5.00 5.00 
12 5.00 5.00 
13 5.00 5.10 
Prednisolone + 1 0.50 0.49 
APC 2 0.50 0.51 
3 0.50 0.50 
} 0.50 0.50 
5 0.50 0.51 
6 0.50 0.51 


Assay of Prednisolone in Prednisolone APC 
Tablets.—A quantity of tablets containing predni 
solone, aspirin, acetophenetidin, and caffeine wer 
weighed to determine the average weight of on 
tablet. The same procedure was then followed as 
in the assay of prednisolone tablets. The results of 
the assays appear in Table III 


ALTERNATE METHOD 


Although the procedures discussed give highl) 
satisfactory results, an alternate method was 
devised in the event the assayist preferred to dilut« 
the reaction mixture to a known volume. Aliquots 
containing 400 to 1,000 meg. were transferred to 25 
ml. volumetric flasks or graduated glass-stoppered 
tubes. The aliquots were diluted to 5 ml. with 
SDA 3A alcohol. Five milliliters of SDA 3A alcohol 
was used for a blank. Five milliliters of concen 
trated sulfuric acid was then added to the active 
aliquots and the blank while the containers were 
being swirled to avoid spattering. The containers 
were then stoppered and inverted but not shaken 
They were then allowed to stand for exactly five 
minutes. Ferric chloride hexahydrate aqueous 
solution, 0.2 ml. of 10° w/v, was then added 
The containers were stoppered tightly and inverted a 
few times. They were then placed in a water bath 
at 20° for five minutes. At the end of this time 
the solutions were diluted to 25 ml. with a mixture 
containing 10 ml. of concentrated sulfuric acid 
plus 5 ml. of SDA 8A alcohol. The containers 
were then shaken and allowed to stand in a water 
bath at 20° for five minutes. The absorbance 
was then read against the prepared reagent blank 
on a Cary recording spectrophotometer model |! 
The absorption maximum was found to be at 525 
mu. The assay results appearing in Tables 1\ 
VI were calculated by running a reference standard 
at the time of assay 

Assay of Laboratory Mixtures Containing Known 
Amounts of Prednisolone. Mixtures containing 
30-50 mg. of prednisolone, hydroxyzine hydrochlor 
ide, acetylsalicylic acid, acetophenetidin, and caf 
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PaBLeE IV.—-RECOVERY OF PREDNISOLONE FROM 

LABORATORY MIXTURES CONTAINING HyDROXYZINE, 

CAFFEINE, ACETYLSALICYLIC AciIp, AND ACETO- 
PHENETIDIN USING ALTERNATE METHOD 


Prednisolone 


Laboratory Theoretical 


Blend Content Assay Recovery, 
No mg mg “ 
1 25.2 26.0 103.2 
2 51.6 103.0 
3 50.3 99.0 
4 16.0 15.8 99.6 
5 35.0 35.1 100.3 
6 61.0 61.2 100.3 
TABLE \.— ASSAY OF PREDNISOLONE TABLETS 
Sample Label Assay, 
No mg./Tablet mg_./ Tablet 
l 5.0 1.9 
2 5.0 5.1 
3 5.0 $9 
rABLE VI DETERMINATION OF PREDNISOLONE IN 
PrABLETS CONTAINING THE APC FORMULA OR 


HYDROXY ZINE 


Sample Label Assay 
No mg./Tablet mg./Tablet 
Prednisolone 
+ hydroxyzine ! 1.0 l 
2 2.5 2.5 
3 2.5 2.6 
} 5.0 5.2 
5 5.0 5.2 
Prednisolone l O.5 0.53 
+ APC 2 0.5 0.49 
3 0.5 0.50 


feine were transferred to 250-ml. volumetric flasks 
and dissolved with SDA 3A alcohol. The flasks 
were then diluted to mark with SDA 3A alcohol 
The solutions were then assaved using the alternate 
method; the recovery figures of prednisolone appear 
in Table 1V 

Assay of Tablets Containing Prednisolone.. The 
tablets were prepared as in the first method and 
then assayed as outlined in the alternate method 
The results appear in Table \ 

Assay of Prednisolone in the Presence of Hy- 
droxyzine... The tablets were prepared as in the 
first method and assayed as outlined in the alter 
nate method. The results appear in Table VI 
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Assay of Prednisolone in Presence of the APC 
Formula. The tablets were prepared as in the first 
method and then assayed as outlined in the alternate 
method. The results appear in Table VI 


DISCUSSION 


Since it seemed obvious that steroids other 
than prednisolone (Al,4-pregnadiene-118, 17a, 21- 
triol-3,20-dione) would interfere with this assay, the 
color and absorption maxima of several commonly- 
used steroids were obtained using the procedure 
described above Estrone (1,3,5-estratriene-3-ol- 
i7-one) gave a pinkish-red color with an absorption 
maximum at 523 my, estradiol (1,3,5-estratriene-3, 
173-diol) a pink-red color with a maximum at 533 
my, testosterone (A4-androstene-17-ol-3-one) a 
green color with a maximum at 468 my. It is 
interesting to note that prednisone (A1,4-pregnadi- 
ene-17a@,21-diol-3,11,20-trione), which is different 
from prednisolone only in having a keto ,roup at 
position 11, does not produce a coler and shows no 
definite absorption maximum between 400 and 700 
my when tested at concentrations up to 0.5 mg. per 
aliquot 


SUMMARY 


1. Prednisolone concentration can be accu- 
rately determined by forming a chromagen in 
alcoholic solution with concentrated sulfuric acid 
and aqueous ferric chloride with subsequent 
measurement of the absorbance on a suitable 
spectre tometer 

2. The methods are also applicable to formu 
lations containing hydroxyzine, acetylsalicylic 
acid, acetophenetidin, and caffeine. 

3. The substances mentioned above which do 
interfere with other assay procedures do not have 
to be separated from the prednisolone prior to 
assaying 


REFERENCES 


1) Herzog, L., Nobile, Tolksdorf, S., Charney, W 


Hershberg, E. B., and Perlman, P Science, 121, 176 
1055) 

(2) Mader, W. J., and Buck, R. R., Anal. Chem., 24, 666 
(1952) 

(3) Conea, N., private communication, Chas. Pfizer & 


Co., Brooklyn, N. Y 


12 
NE IN 
10 
10 
as 
iM) 
iM) 
10 
dl 
51 

| 

at 5 
les 1\ 


The in vivo metabolism of dextrosulphenidol 

has been studied using various test organisms. 

Differences are noted and comparisons are 

made as to the effect of biological variation on 

the absorptic. , distribution, and excretion of 
the drug. 


of the metabolism of dextro 

sulphenidol' (DES) has thus far been limited 
by the lack of adequate chemical assay methods, 
the data which are presently available having 
been obtained by microbiological assay (tube 
dilution techniques). Using these methods, 
Shaffer, ef al. (1), have shown DES to be well 
absorbed by chicks when administered orally; 
nevertheless, concentrations which were inhibi 
tory to the test organism remained in the intes 
tinal tract for several hours after a dose of 
100 mg./Kg. With doses of 400 mg./Kg., 
serum levels of 31-62 meg./ml. were maintained 
for as long as three to six hours, and levels of 
t-S meg./ml. were detected as late as twelve 
Drug levels in the bile 
were higher and ui re prolonged than those in 


hours postmed: n 


the plasma. Using similar methods, one of us 
(W. H. D.) has studied the absorption of DES in 
dogs and man (2). Single doses of 75 and .150 
mg./Kg. have been given to mongrel dogs: 
the former dose produced peak serum levels of 
50 meg./ml. at two and four hours, and by 
twelve hours postmedication this level had fallen 
to 3 meg./ml. The latter dose gave a four-hour 
level of 100 meg. ml. and a twelve-hour level of 
7 meg./ml. Dogs also received and tolerated 
well doses of 20, 40, or SO mg./Kg. twice daily 
for twenty-one days. The initial doses resulted 
in two-hour serum levels of 6, 10,and 22 meg., ml., 
respectively. In man, the administration of a 
single dose of 1 Gm. of DES resulted in a serum 
level of 6 meg. ml. at one and one-half hours. It 
was observed in three subjects that man excretes 
about 70 per cent of an oral dose of 500 mg., in 
biologically active form, within twenty-two hours 

The development of a chemical procedure for 
the determination of DES (3) has made possible 


* Received March 1, 1960. from the Sterling Winthrop 
Research Institute, Rensselaer 

In the earlier literature, dextrosulphenidol, or pd threo 2 
dichloracetamido 1 4 - methylsulfonylphenyl) 1.3 - pro 
panediol, was referred to as Thiocymetin This trade name 
is now reserved for the di-form (raceophenidol) 


Metabolism of Dextrosulphenidol in 
Several Animal Species* 


By EVAN W. McCHESNEY, RAYMOND F. KOSS, JAMES M. SHEKOSKY, anc 
WILLIAM H. DEITZ 


a more detailed study of its metabolism. This 
procedure consists essentially of ethyl acetat 
extraction, alkaline hydrolysis, oxidation with 
periodate at pH 7.5, and final estimation of p 
methylsulfonylbenzaldehyde as an alkali salt 
its p-nitrophenylhydrazone. Data on the al 
sorption, tissue distribution, and excretion «i 
DES in rat, dog, cat, rabbit, and man are pr 
sented in this paper 


EXPERIMENTAL 


Albino rats weighing 170-230 Gm. were fasted 
for at least eight (but not more than fifteen) hours 
prior to medication and during the entire metabolic 
period, but they had access to water at all times 
After medication they were placed in metabolisn 
cages, for the quantitative collection of the excret 
Generally speaking, no feces were eliminated in the 
brief period studied, and the urine volume was 
rather low. At various intervals postmedication the 
animals were sacrificed by decapitation, and repri 
sentative tissues were removed for analysis. Thes¢ 
included heart, lung, liver, kidney, spleen, and 
muscle; blood plasma was also obtained at this 
time. The urine was analyzed for both free and 
total DES as previously described (3); the stomac! 
plus content, and the intestines plus content wer: 
analyzed separately 

Both oral and intravenous administration wer 
studied in the rat. To improve solubility, the 
compound was dissolved in 50°; propylene glycol 
the dose of DES was 50 mg./Kg. and the dose of 
glycol was 2,500 mg./Kg. The results of these 
experiments are presented in Table I 

Similar data on the metabolism of DES in othe 
animal species were obtained in one dog, one cat 
and tworabbits. In order to obtain strictly compar 
able data on the several species, all of the animal 
were fasted for eight hours pripr to medication, an 
during the sixteen-hour metabolic period but 
again, they had access to water at all times. The 
oral medications (50 mg./Kg.) were given in 51)’ 
propylene glycol, the total dose of the glycol agai 
being 2,500 mg./Kg. Since these are the sam 
experimental conditions as were used for one of th 
groups of orally medicated rats, the data on the ind! 
vidual animals of this specific group are also give! 
for comparative purposes. These data are pri 
sented in Table II 

One laboratory volunteer took a single 500-mg 
dose (two tablets) of DES and collected urine unde: 
toluene for six periods comprising the next fort) 
eight hours. These samples were analyzed bot 
chemically and microbiologically (using P. sept 
as the test organism), with the results presented = 
Table III 
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TABLE IL. COMPARATIVE METABOLISM OF DEXTROSULPHENIDOL IN SEVERAL ANIMAL SPECIES*” 
Material Species 
Analyzed Rat Rat Rat Dog Cat Rabbit Rabbit 
Heart 0 0 1.5 2.1 4.9 0.2 1.4 
Lung 0.8 1.6 2.4 0.4 5.8 0.2 0.3 
Spleen 5.9 1.5 50.0 0.8 41.8 0.6 2.0 
Kidney 14.5 5.9 14.8 2.7 9.4 4.0 2.0 
Liver 2.9 5.1 6.8 OLS 9.7 0.4 2.4 
Muscle 0.4 1.1 & 1.3 3.1 0.3 0.7 
Brain 0.7 2.9 
Pancreas 1.0 
Fat 0 1.0 0.6 
Bile 30 16 74 52 
Plasma 0.6 0.7 0.6 0.7 4.9 0.5 0.5 
Dextrosulphenidol Present, mg 

Stomach 0.0038 0.06 0.08 0.08 0.06 0.54 0.41 
Small intestine 0.12 0.93 0.48 
Cecum-colon 1.57 1.68 0.94 2.78 16.0 6.45 7.50 
Urine 

Free DES 4.30 4.08 4.70 200.0 52.5 43.5 44.4 

Total DES 1.58 3.96 4.61 235.0 52.3 43.8 42.5 
Feces 0 0 0 10.8 0 0 0 
Dose, mg 7.9 8.5 7.6 350.0 107.0 137.5 133.0 
Dose in urine, “; 54.8 47.1 61.2 67.3 19.0 31.9 31.9 


« All observations made sixteen hours after a single oral dose of 50 mg./Kg 


» Values recorded as mcg./Gm. 
© Indicates material not analyzed 


TABLE III.— EXCRETION AND METABOLISM OF DEXTROSULPHENIDOL IN MAN FOLLOWING A SINGLE ORAI 
500-MG. Dose 
Chemical Assay Microbiological Assay 
Mg Meg 
Interval Volume Free Total Excreted Meg Excreted 
of Urine Out put DES DES,« in Excreted in 
Collection, hr ml meg. /ml meg./ml interval > per hr Meg./ml Interval 
O-4 126 742 732 92.5 23 S00 101 
$8 106 1,130 1,130 120.0 30 1200 27 
8-12 156 410 420) 64.7 16 400 62 
12-24 343 IS4 175 61.7 5 200 69 
24-32 230) 101 110 25.2 3 100 2: 
32-48 740 11 13 8.9 0.6 20 15 
Totals 1,701 373 397 
Means 222 221 7.8 234 


Analysis involved preliminary drastic alkaline hydrolysis 
* Based on mean of free and total DES values 
Determined by serial dilution techniques, using P. septtca 


DISCUSSION 


DES demonstrates in all of the animal species 
studied the typical metabolic pattern of a com- 
pound which is well absorbed, circulates freely in 
the extracellular fluids, and is excreted in both 
urine and bile. It has no outstanding tissue pre 
dilection except possibly for the spleen, and _ this 
exception has been observed in only one of the 
species (the rat). General comments on the results 
on the individual species studied follow 

The Rat \t the early intervals, the concentra- 
tions of DES in heart, lung, and muscle are es 
sentially the same as those existing concurrently in 
the plasma. The concentrations in the kidney and 
liver are definitely higher than those existing con 
comitantly in the plasma, as would be expected for 
the organs which are directly involved in the 
excretory processes. The tissue/plasmma concen 
tration ratios in the spleen are very erratic, varying 
from 2 to 80, even in two animals from the same 
group (the sixteen-hour, oral). A relatively high 


as the test organism 


splenic concentration is also characteristic of 
chloramphenicol metabolism (4). The biological! 
half-life of DES in the rat, as estimated from the 
decreases in tissue and plasma levels with time, is 
about five hours; the similarly estimated value for 
chloramphenicol is one and one-half to three hours 
(5) 

It is evident from the data that the rat exeretes 
DES in the urine entirely in unchanged form, since 
in no group of animals is there a significant difference 
between free and total DES. This eliminates the 
possibility that the rat excretes, via the urine, an) 
measurable amount of DES as a glucuronide or as 
the free base? Both of these derivatives hav 
been detected in the urine following the administra 
tion of chloramphenicol (6). The urinary exeretion 
of DES increases with time, to a maximum of 57‘ 
of the dose, in twenty-four hours. It is of interest t 
note, however, that the sums of the amounts presen! 
in the urine and the digestive tract remain neu! 
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constant during the twenty-four-hour period, all of 
these surns being between 59 and 70%, of the dose 
While the animal is effecting this transfer of DES 
from intestine to urine, the amounts im the tissues 
decrease steadily, from 8.5, of the dose at two 
hours, to 0.5% at twenty-four hours. A consider- 
able part of the dose (about 30°, ) is not accounted 
for and must be present in the tissues or the digestive 
tract in a form which is not extractable and, there- 
fore, not determinable by the analytical method 
used. Extensive metabolic degradation is clearly 
ruled out as a possibility 

The results on the intravenously medicated 
animals demonstrate that excretion into the intes 
tine definitely occurs Residues in the intestine 
of the orally medicated animals, therefore, 
do not represent, exclusively, unabsorbed material 
Tissue levels in the i. v. animals, sixteen hours 
after medication, are as low as those observed in 
the twenty-four-hour orally medicated animals, 
indicating a more rapid physiological disposition 
of the compound when it is administered parenter- 
ally. The higher level of urinary excretion in the 
intravenously medicated animals, as compared to 
the orally medicated animals sacrificed at the same 
time interval, points to the same conclusions 

Some possibilities for the fate of the unaccounted- 
for remainder (about 307) of the orally or intra- 
venously administered DES are as follows: (a) 
It may be excreted in the urine, but at a later time 
This seems improbable in view of the fact that 
only 0.5, of the dose is found in the tissues analyzed 
it twenty-four hours postmedication; nevertheless, 
the point was studied by administering 50 mg./Kg 
of DES orally in 50°) propylene glycol to three 


pairs of rats (200-250 Gm. each) and collecting 
excreta for forty-eight hours thereafter. These 


rats had been fasted for fifteen hours prior to 
medication, but food was provided during the 
experimental period. The results of this experi- 
ment are presented in Table IV, and they demon- 
strate that delayed urinary excretion not 
account for a very large proportion of the dose 
However, it is also clear that the results in Table IV 
ire not entirely comparable to those presented 
in Table I. The presence of food in the intestine at 
iny time evidently alters the absorption and 
excretion of DES very materially, probably by 
stimulating the flow of bile. The result is that 
much more of the drug is excreted in the feces and 
much less in the urine of the fed animals than is the 
case when the animals receive no food whatsoever, 
ifter eight hours premedication. 


does 


TaBLe IV.--URINARY AND FECAL EXCRETION OF 
DEXTROSULPHENIDOL IN THE RAT FOLLOWING AN 
ORAL Dose or 50 MG./Ko* 


In Urine, In Feces 

Total DES 0-48 hr. 
Total 

0-24 24-48 Free Total Re- 

Group? hr hr DES DES covered 
\ 38.7 5.7 37.8 54.4 98.8 
B 31.9 4.6 36.6 49.5 86.0 
C 41.1 4.6 29.8 40.0 85.7 
Mean 37.2 5.0 34.7 48.0 90.2 


* All values in the table are given as ‘; of dose % Two 
rats per group 
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(b) It may be exereted in the bile as a glucuronide, 
a form which would not be extensively reevecled 
and which would not be determined under the condi 
tions used for DES analysis (3). This type of 
excretion been demonstrated for chloram- 
phenicol (7), but there is no entirely unambiguous 
procedure by which its occurrence can be dem- 
onstrated for DES, since no sainple of its glucuronide 
is available for chemical or biological study. The 
point has been studied in the following way, how- 
ever, based on the assumed properties of such a 
glucuronide: 

Finely powdered rat feces (obtained from the 
animals of Table IV) were suspended in 100 parts of 
methanol, the suspension was adjusted to pH 3.5 
with hydrochloric acid, digested on the steam bath 
for fifteen minutes, and filtered. Two aliquot 
portions of this extract were evaporated separately 
to dryness and were analyzed for free and total DES 
in a manner analogous to that used for urine (3): 
one of the residues was partitioned between ethyl 
acetate and phosphate buffer of pH 6.2, and the 
amount of DES in the ethyl acetate was deter- 
mined; the other residue was subjected to a direct 
alkaline hydrolysis, followed by a determination of 
the free DES base? in the hydrolysate. 

In all of the extracts so studied the ‘‘total’” DES 
exceeded the ‘“‘free’’ (i. e., chemically unaltered) 
by 25-35°,. When the values for total fecal DES 
are calculated on this basis (Table IV, column 4) 
it is found that the total recovery becomes 85-99% 
of the amount administered. Since the procedure 
used to extract the supposed DES glucuronide from 
the feces is incapable of direct experimental veri- 
fication, it cannot be assumed that such a procedure 
would necessarily extract the supposed glucuronide 
quantitatively and it is not necessary, therefore, to 
assume the existence of still another metabolic 
product to account for the remainder of the dose 
(in groups B and C Table IV). 

(c) It may be converted to the free base by loss of 
the dichloroacetyl group (6) and the base may be 
further degraded by oxidative processes. This 
point was studied by administering the base® intra- 
venously (35 mg./Kg.) to two groups of three rats 


has 


each. Excreta were collected as described above 
and the base was determined in the urine as 
for total DES (3), except that the alkaline 


hydrolysis was omitted. The finely ground feces 
were extracted with methanol, followed by alkaline 
hydrolysis of the residue so extracted. The results 
are presented in Table V: they demonstrate that 
no substantial oxidation of the propanediol side 
chain occurs, and that the excretion of the base is 
largely renal 

The results described in sections (a) and (c) 
of this discussion may be interpreted to mean that 
either DES base or ES glucuronide is excreted in 
the bile and feces of rats. Of these possibilities, 
the latter is much wore likely, in view of the data of 
Table V. The deta of Table I fit readily into a 
logical scheme if ic is assumed that about 65° 7 of the 
administered DES is eventually excreted in the 
urine of (fasting) rats, and 35°) is excreted in the 
bile as a glucuronide. The latter would not be 


* Kindly supjlied by Mr. S. Schalit of this Institute The 
product used was the crystalline di-form, p. 123-127°, % 
N 
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TABLE V.--URINARY AND FECAL EXCRETION* OF 


DEXTROSULPHENIDOL BASE” IN THE RAT FOLLOWING 
AN INTRAVENOUS DOSE OF 35 MG./KG 


In Urine Total 
24°48 In Feces Re 
Group ¢ hr hr hr covered 
A 80.0 4.5 5.7 93.2 
B 72.0 6.7 5.8 $4.5 
* All values in the table are as ©) of dose + See text 


footnote 3 © Three rats per group 


determinable in feces or intestinal content, except 
as described in (b) 

The Cat.—So far as it is justifiable to draw conclu- 
sions from one animal, it may be said that the 
metabolism of DES in the cat differs significantly 
from that in the dog, rat, and rabbit. For example, 
the tissue levels in the cat sixteen hours postmedica- 
tion are higher than those in any of the other 
species studied. However, the plasma level is 
correspondingly high, with the result that the tissue 
plasma ratios remain nearly 1/1, except for the two 
organs directly involved in the excretory processes 
It is of interest to note that the ratio of biliary to 
plasma concentration in the cat is only 3/1, as 
compared to 100/1 for the rabbit and 40/1 for the 
dog. The relatively low level of biliary excretion 
in the cat may correlate with the high tissue levels 
in this species, since its sixteen-hour urinary excre- 
tion is at least average tor the animals studied 

The Dog.-Only in the dog is there a definite 
difference between free and total urinary DES 
The sixteen-hour renal excretion is the highest of 
any of the species studied, and the amount remain- 
ing in the intestine of the dog is correspondingly 
low. The tissue levels in the dog are comparable to 
those of the twenty-four-hour rats (Table I, column 
6) and of the sixteen-hour rabbits. The only DES 
found in the feces of the dog, however, is in an 
(analytically ) unchanged form 

The Rabbit—-The results on this species differ 
most noticeably in the presence of considerable 
drug residues in the stomach, and in the low urinary 
excretion. These appear to be interrelated observa- 
tions since, in spite of the fact that the rabbits had 
been fasted for eight hours prior to medication, 
very bulky food residues remained in all levels of thei: 
digestive tracts. It has been noted above that the 
presence of such residues affects the absorption and 
excretion rates of DES appreciably Biliary 
excretion is evidently a very important process in the 
rabbit 

Man.—-The only determinable form of DES 
excreted in the urine of man is the unchanged drug, 
as is shown by the fact that the chemically-deter- 
mined values for free and total drug exactly coincide 
Table IIL). These observations are further 
confirmed by the fact that the microbiological assay 
of each sample is in very close agreement with the 
chemical analysis for total DES. No significant 
amount of glucuronide (determinable by difference), 
therefore, present, although this is the 
principal pathway of chloramphenicol metabolism 


(see 


can be 
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(6). The total urinary excretion of DES in forty 
eight hours (in this one subject) is 75°) of the dose, 
which contrasts markedly with the 5-6°;) of chlor 
amphenicol so excreted (8-11).' Such excretion o 
(unchanged ) chloramphenicol as does occur, further 
more, is mostly in the first six hours after administra 
tion. 


SUMMARY 


The metabolism of dextrosulphenidol has beet 
studied in the rat, dog, cat, rabbit, and man 
In all species but one (the dog) the only urinary 
excretory product is the unchanged drug; in 
this one species about 15 per cent of the dose i 
evidently excreted in a conjugated form. Ab 
sorption and excretion of dextrosulphenido! 
appear to be delayed by the presence of food 
residues in the digestive tract; in their absen 
the urinary excretion in sixteen hours, regardles 
of the species, is about 60 per cent of the dos 
Biliary excretion is also an important proces 
with the result that the drug continues to he 
found in the intestine as long as it is present in the 
tissues. Tissue: plasma concentration ratios ar: 
generally about 1:1 except in the liver and kid 
ney, and possibly the spleen. There is some 
evidence that the drug is present in the intestin 
of the rat other than as unchanged dextrosu! 
phenidol. This form could be either the fre 
base or a glucuronide conjugate, but is more 
likely the iaiter. In man 75 per cent of an oral 


dose is excreted in unchanged form within 


forty-eight hours. 
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Prediction of Stability in 
Pharmaceutical Preparations 


The Solution Degradation of the Antibiotic Streptozotocin 


By EDWARD R. GARRETT 


The kinetics of solution degradation of the antibiotic streptozotocin have been 
studied polarographically, spectrophotometricaily, and by bioassay. Equations 
have been obtained to characterize degradation as a function of pH, buffer, and tem- 
perature. Bioassay has been correlated with these others and correction procedures 


devised to account for their limitations. 


Stability 77 vitro and in vivo has been pre- 


dicted. A mechanism is proposed that accounts for the available data and describes 
the weakly basic nature of streptozotocin and indicates the presence of a N-nitro- 
somethylurea function in the antibiotic. 


i ies PHARMACEUTICAL need to determine the 
stability of molecules of unknown structure 
has been discussed previously (1) 

Streptozotocin is a new broad-spectrum anti 
biotie (2) of presently unknown structure but of 
suggested empirical formula, CisH»e;N;Oy, with 
an indicated N -nitrosomethylamide group (1) (3). 


O NO 


R—C—N—CH 
I 


Some chemical, physical (3), and biological 
(2, 4-6) properties of streptozotocin have been 
recently described. 

This paper reports on studies designed to de 
termine the stability of streptozotocin as a func 
tion of pH and temperature, to predict the nature 
of the intermediates or products of degradation, 
to compare chemical and biological assay pro 
cedures, and to predict stability im vive and the 
conditions for maximum stability in solution 


EXPERIMENTAL 


Phe kinetic studies on the degradation of strepto- 
zotocin in aqueous solution were conducted with the 
use of three assay procedures 

Kinetics by Color Assay... One assay procedure 
used was a color assay developed by Forist (7) and 
based on the acid cleavage of the N-nitroso group of 
streptozotocin to yield nitrous acid, subsequently 
diazotized with sulfanilic acid, and the salt coupled 
with N(1l-naphthyl)-ethylenediamine to produce an 
izo compound with a stable absorption maximum of 
reproducible absorbance at 550 my after subjection 
to 60° for forty-five minutes 

Che streptozotocin was prepared by Herr, et al., 
3), the characterization of this material has been 
reported (3). The antibtotic was dissolved in acid, 
acetate, and phosphate buffers as given in Tables I 

* Received February 24, 1960, from the Research Divi 
ton, The Upjohn Co , Kalamazoo, Mich 
_ The author is greatly indebted to Mrs. Lillian G. Snyder 
‘or excellent technical assistance, to Drs. W. T. Sokolski 
L. J. Hanka, Mr R. Burch and associates for the 


microbiological assays, and to Mr. D. J. Weber for the po 
iometric titrations 


and II and maintained at thé appropriate tempera- 
ture. The buffer solutions had been previously 
equilibrated at that temperature. The initial con- 
centrations of the solutions were 0.22 mg./ml. except 
for runs 8 and 10 which were 0.44 mg./ml. At re- 
corded time intervals 1.00-ml. aliquots of the buf- 
fered solutions were pipetted and each was mixed 
with 10 ml. of pH 4.00 acetate buffer. One milliliter 
of the resultant solution was pipetted into 5 ml. of 
the combined color reagent and the color developed 
at 60° for forty-five minutes. This solution was 
cooled to room temperature and the absorbance was 
read at 550 my on the Beckman model B. The 
original material was also assayed to determine the 
color proportional to the original concentration. 
Adherence to Beer's law had been previously con- 
firmed (7). A spectrophotometric blank omitting 
the antibiotic was prepared similarly for each assay. 

Polarographic Assay.It had been observed! 
that streptozotocin possessed a polarographic wave 
of Ex, = ca. —O.8 v.in pH 4.6 acetate buffer. The 
magnitude or ip of this wave can be correlated with 
streptozotocin concentration as at pH 4 in acetate 
buffer (see Fig. 1) 

The general procedure for polarographic assay was 
to purge all buffer solutions with nitrogen in excess of 
thirty minutes and equilibrate them at the desired 
temperature of the study. The weighed samples of 
streptozotocin were brought up to volume with the 
desired buffer. The final buffer concentrations are 
listed in Tables If and III. The concentrations in 


ip IN ya 


DIFFUSION CURRENT 


STREPTOZOTOCIN CONCN., MG./MI 
Fig. 1-—Polarographic calibration curve; dif- 


fusion current, fp, in wa. against streptozotocin 
concentration in mg./ml. for acetate buffer, pH 4.04, 


! By Dr. E. C. Olson of these laboratories 


767 


| 

Chen 
e, F_G 

M J 
Bratton 
T.1 
Graft 

1954 
med.. 48, 

= 


768 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


0.2490, 45.2; 15, 0.2478, 80.5. 16, 0.2510, 149; and 17, 0.2526. 269 


TABLE II.—-CONDITIONS AND RATE CONSTANTs (& in sec. !) FOR THE APPARENT 


Buffer Composition 


Run No pH 
1S 0.32 (0.42)° 0.50 
19 0.43 (0. 52) 0.40 
0.51 (0.64 
21 0.70 (0. 82} 0.20 
22 1.21 (1.21) 0.075 
2: 1.48 (1.47) 0.04 
24 1.74 (1.75)° 0.02 
25 2 O2 (2.038) 0.01 
|CH,COOH} [CH,COO 
26 3.42 0.1756 0.0122 
27 3.98 0.1334 0.0333 
ZS 4.60 0.025 0.025 
29 +. 60 0.400 0.400 
30 +. 96 0.1163 0. O837 
31 5.86 0. 1020 0.098 
0.60 mg./ ml. except for runs 28 and 29 of 0.22 mg (‘ml 
* Calculated from + (H*)/Ke) + + Ke’ [H*]) + where & 
Ke 151 x 10 ke 200 where [H *| lHcl 


log fun {HCl 


mg./ml.) were 0.60 mg./ml. An aliquot of 8.00 ml. centration, C, of the antibiot 


up to 25 ml. with previously nitrogen-purged 0.1 Proteus vulgaris Bioassay by 


sodium acetate-acetic acid except for runs 24 and 25 Simultaneously with the color assays of strepto 
which were run without dilution. These final ali- — zotocin degradation at pH 4.6, run No. 8, Table 1, 
quots were purged with nitrogen for ten minutes and bioassays were run against 7. vulgaris by the disk 
er a polarogram taken at 25° on the Leeds and plate method. Similarly, bioassays were run simu! 
4 Northrup recording electrochemograph against a taneously with the polarographic studies of runs 25, 

A saturated calomel electrode. Blank solutions, omit- 26, and 31, Table II 
a ting the antibiotic, were treated similarly each day. The general procedure was to dilute a 1.00-m! 
: The acetate buffer concentration has an effect aliquot of the streptozotocin to be assayed with 
on the half wave potential, E'/:, and the diffusion pH 4 phosphate solution (0.1 7) to the conce: 
+? current, tp. The data from the polarograph studies tration range suitable to the disk-plate assa 
.* are plotted in Fig. 2. However, at a given acetate Aliquots taken were so treated and refrigerated 


buffer concentration, the ip/Cand E'/.forstreptozo- until 4 p. m. when all sa 


OF STREPTOZOTOCIN® AT 30.2° AS DETERMINED By CoLor Assay (7 


Vol. 49, No. 12 


Parte 1 Conpitions AND RATE CONSTANTS (& IN SEC.~!) FOR THE APPARENT FIRST-ORDER DEGRADATION 


Buffer Compositior Exptl 
Run No pH incl 10 Sec 
l 1.21 0.075 10.6 
2 1.48 0.04 7.41 
3 1.74 0.02 +80 
} 2 02 0.01 3.15 
[CH,;COOH} [CH;COO-] = 
5 3.40 0.1756 0.0122 1.25 
6 3.96 0.1334 0.03833 0.694 
7 4 60 0.025 
8 0.100 0.100 
9 4.587 0.200 0.200 0.999 
10 4.61 0.400 0.400 
ll 4.60 0.025 0.025 1.40° 
12 1.96 0.0326 0.0837 1.12 
13 5.84 0.0040 0.098 5 05° 
| {HPO, 
14 6.89 0 0505 0.0758 
15 7.32 0.0225 0.0901 6° 
16 7.69 0.0107 0.0961 
17 0.0041 0.0994 268 
0.22 mg. ml except for runs 8 and 10 of 0 mg./ mil 
® This solution when corrected for absorbance at 550 my prior to heating gave a rate constant of 2.06 * 10-¢ 
© The run no, ionic strength, + 2.5 [H and calculated rate constant ) where « 33 
+ 158 [OH ~| + 0.20 where [OH 10> 10° 10 are: 13, 0.098, 3.7; 14 


FIRST-ORDER DEGRADA 


TION OF STREPTOZOTOCIN® AT 30.2° AS DETERMINED BY POLAROGRAPHIC ASSAY 


10 ki sec ) 

Exptl Caled.’ 
22.3 21.1 
19.2 19.1 
16.7 16.9 
14.4 14.4 

7.68 7.68 
5.56 5.59 
4.10 $.17 
2.01 2.14 
1.71 2.08 
2.10 
2.42 2.10 
44 2.19 
6.11 3.70 
2.76 1074 2.38 


© pH Values in parentheses are determined from the mean activity coefficients, yc) of HCl in water (Ga) at 30° by pli 


all cases (except for runs 28 and 29 which were 0.22 tocin show no significant variation with the con 


ic 


was removed from the degrading solution and diluted Correlation of Color and Polarographic Assay with 


the Disk-Plate Method. 


mples were bioassaye:! 
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TasLe IIL Conpitions AND RATE CONSTANTS (RIN SEC. ') FOR THE APPARENT FIRST-ORDER DEGRADA- 
TION OF STREPTOZOTOCIN AT VARIOUS TEMPERATURES 
- Buffer Composition 
Run No pH 106k [HPO 
14 6.89 30.2 4.46° 0.0513 0.075 
32 6.90 40.0 18.4 0.0513 0.075 
33 6 89 73.2° 0.0513 0.075 
34 6.90 268" 0.0513 0.075 
35 0.0225 0.0901 
36 10.0 0.0107 0.0961 
3e OS 163° 0 0041 0.0994 
{CH,;,COOH |} [{CH;COO 
28 +. 60 30.2 0. 227° 0.025 0.025 
38 1.67 30.4 0.313° 0.025 0.025 
39 4.62 50.2 1.48° 0.025 0.025 
40 4.65 60.0 3.58? 0.025 0.025 
41 4.65 69.5 0.025 0.025 
{HCI} 
25 2.02 30.2 0.410" 
42 2.02 39.4 0. 0.01 
43 2.23 13° 0.01 
14 2.24 59.7 7. 89 0.01 
15 1.92 69 19. 1° 0.01 
46 1.76 40.0 1. O6° 0.02 
17 1.48 10.0 0.04 
1S 11.0 3. DN 0.075 


@ By color assay 


+ By polarographic assay; 10£ values by corrective color assay (uncorr. in parentheses) fot each of these runs are 28: 0.206 


0.141); 38 
© By polarographic assay 


IN VOLTS 


DIFFUSION CURRENT ip IN wa 


POTENTIAI 


WAVI 


HALF 


MOLAR CONCENTRATION OF ACETATE 
Fig. 2.— Effect of acetate ion concentration on the 
Ey, and tp of streptozotocin polarography. The 
pH is 4.6, the streptozotocin is 0.22 mg./m}. 


The standard used had an assigned value of 180 + 
20 

Correction for Color Artifact... The apparent dis- 
crepancy in estimated rate constants from color and 
polarographic assay is clearly shown by comparison 
of runs 1-13, Table I, and runs 22-31, Table Il 
The discrepancy is most apparent in the 2.0-5.0 pH 
range at 30°. This can be explained by a positive 
interference in the color assay as the degradation 
Forist (7) has pointed out that nitrite 
could be a product of degradation and give an ap- 
parent assay for intact antibiotic 


proceeds 


0.268 (0.221); 39 1.46 (1.28); 40: 3.49(3.49); 


11 5(11 5) 


Nitrite most probably would be a degradation 
product in the acidic range. Addition of color 
reagent developed color at room temperature at 
pH values less than 6. No such appearance at 
room temperature was observed above pH 6. 
Naturally, such an artifact would give lower 
estimates for rate constants. However, compensa- 
tion for such an artifact could be made by measuring 
the color due to nitrite and subtracting from the 
total Higher temperature or higher acidities 
would tend to decompose the nitrite interfering in 
the color assay, probably to nitric oxide and nitric 
acid. 

In another procedure, the color absorbance was 
read immediately at 550 my as a function of time at 
room temperature Color developed instanta- 
neously and then enhanced slowly in the cold and 
the extrapolated intercept at zero time was assumed 
to be the amount of color corresponding to the nitrite 
artifact. Examples are given in Fig. 3. This 
intercept value, which increased with the time of 
degradation, is consistent with the premise of 
nitrite as a product of degradation. This intercept 
value when subtracted from the total value obtained 
from the normal color assay procedure gave a 
net absorbance which was considered proportional 
to the streptozotocin content. 


The plots of Fig. 3 can be interpreted as dem- 
onstrating the following facts: (a) There is initially 
no nitrite present. (b) Nitrite appears as the 
degradation proceeds and although it reacts with 
reagent quickly to form color, the reaction is not 
instantaneous. The total time of color formation 
with nitrite is up to eight minutes. (c) The pro- 
duction of color at room temperature with the 
streptozotocin is a slower process than with the 
nitrite, but it is significant and correction for 
interfering streptozotocin color is necessary. The 
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Fig. 3.—-Color development at 550 my in the cold 
as a function of time from streptozotocin (0.22 
mg./ml.) aliquots degraded in 0.025 M acetate 
buffer; pH 4.6 at 30.2 The symbols are for 
aliquots degraded at different times in hours: 

, 23.5; @, 46.9: and ©, 97.0 


extrapolation procedure should be valid as_ the 
streptozotocin color formation simulates pseudo 
zero order. The slopes of these straight lines are 
as expected, decreasing with lower concentrations 
of nondegraded streptozotocin 

The first order plots of log color assay versus 
time for run 11, Table I, uncorrected and corrected 
for this initial color development in the cold are 
given in Fig. 4 where it can be seen that the rate 
based on the corrected assays is significantly greater 
The rate based on the corrected color assay is 
indistinguishable from that based on the polaro 
graphic assay, run 28, Table II 

Potentiometric Titrations.— The following studies 
were replicated. The parenthetical values report 
the results of the second series 

Streptozotocin, 20 mg., ca. 0.044 mmoles, mol 
wt. 457 (3), was dissolved in 2.0 ml. of 0.085 VV 
hydrochloric acid and allowed to stand for twenty- 
four hours, ca. two half-lives, and subsequently 
titrated with 1 M sodium hydroxide. A grouping 
of pKa ca. 10.8 was the only titratable functionality 
observed and was in the amount comparable to or 
greater than the initial mmoles of streptozotocin, 
0.045 mmoles, in both replications. This material 
stood for a short time under nitrogen at high 
alkalinity, apparent pH ca. 12, and was back titrated 
with 1 M hydrochloric acid. The functionality of 
pKa > 10 was still present. Also a small quantity 
of a functionality of pKa 6.2 appeared, 0.015 mmoles 
(0.020 mmoles) indicative of bicarbonate and con- 
firming the observations of Herr, et a/. (3) 

Streptozotocin, 20 mg., ca. 0.044 mmoles, was 
dissolved in 2.0 ml. 0.0902 M sodium hydroxide 
ind titrated with 1 ./ hydrochloric acid. Fune- 
tional groups of pKa 10-11, estimated as greater 


in quantity than the initial amount of antibiotic, 
were observed. In addition, amounts of funetion 
alities of pKa 9.2, 0.025 mmoles (0.020 mmoles) 
and pKa 6.2, 0.043 mmoles (0.045 mmoles) were 
observed. On back titration with | sodium 
hydroxide the functionality at 6.1 pKa disappeared 
while the 0.025 mmoles (0.020 mmoles) of pKa 9.2 
remained as did functionality ca. pKa 10.8 


CALCULATIONS AND RESULTS 


Empirical Equations for Degradation..-The data 
for streptozotocin assay as a function of time for 
constant pH conditions can be fitted as a first-order 
plot according to the expression 


log X = — (k/2.303)t + log Xo (Eq. 1 


where X is either the absorbance, A, at 550 my 
from the color assay or the diffusion current, ip 
in wa., at —1.05 v. from the height of the polaro 
graphic wave; where Y, is the pertinent value at 
time zero. 

Typical first-order plots of streptozotocin deg- 
radation based on the color assay are given in 
Figs. 4, 5, and 6. The estimated rate constants, 
k in sec.~', for these and other studies at 30.2° 
are given in Table I 

Typical first-order plots by the polarographic 
assay are given in Fig. 7. The estimated rate 
constants, & in sec.~', for these and other studies 
at 30.2° are given in Table II 
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Fig. 4.-Effect of nitrite contaminant on apparent 
first-order plots of streptozotocin degradation at 
30° in 0.025 M acetate buffer, pH 4.6: O by norma! 
procedure; @ after correction for room temperature 
color development 
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Fig. 5.—Apparent first-order plots of strepto 


zotocin degradation at 30° at constant pH but with 
varying acetate ion concentration, pH = 4.6, as 
determined by color assay 


Code [HOOCCH;] [~OOCCH;} Run 


Cc 0.025 0 025 7 
0.100 0. 100 
4 0 200 0.200 9 
0. 400 0.400 10 


Varying acetate concentrations at constant pH 
had no significant effect on the rate constant 
Figure 5 shows the nonsignificant effect of varying 
acetate ion concentrations from 0.025 to 0.400 M 
it pH 4.6 on the first-order plots based on color 
assay, i. e., runs 7 through 10 of Table I. Also see 
runs 28 and 29 at two different acetate concen- 
trations in Table II 

The values for the rate constants derived from 
color assay are lower than those derived from the 
polarographic assays below pH 6. This fact is 
ittributed to the production of color from the 
nitrite product of acid degradation which gives rise 
to an erroneously high value for intact antibiotic. 
At high acidities nitrite becomes readily degraded; 
it extremely low acidities none is probably formed; 
ind in the intermediate pH regions, ca. 2-6, the 
nitrite ion remains to interfere 

The logarithmic values of the apparent first- 
order rate constants at 30° as log & (& in sec.~') 
ire plotted against the pH in Fig. 8. The solid 
circles are based on the rate constants determined 
from the color assays on studies above pH 5.5; 
the open circles are based on the rate constants 
letermined from the polarographic assays on 
tudies below pH 6.0 

Empiricai relations that can express apparent 
lirst-order rate constant dependence on pH and 
reasonably fit the plotted data of Fig. 8 at 30° are 


log k = —0.453 pH — 4.445; pH < 2.5 (Eq. 2 


log k = 0.73 pH — 9.42; pH > 6.0 (Eq. 3) 
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However, since kyo ~ 2 K 10 * sec. ' when 2.5 < 
pH < 5.5, the & values derived from Eqs. 2 and 3 
do not account for the degradation rate in the pH 
range 2.5t0 5.5 

Degradation at Acidic pH Value - 
has no apparent pKa_ values votentiometric 
titration (3). However, a ration. planation for 
the apparent fractional slope of the log & versus pH 
plot at 30° in the acid region (see Fig. 8) as given in 
the empirical Eq. 2 is that we are actually measuring 
a transition region of hydrogen ion attack on proto- 
nated, SH*, and nonprotonated streptozotocin, 
S, in ionic equilibrium with each other 

Actually, the rate of total streptozotocin, |S]:, 
concentration change as catalyzed by hydrogen 
ion could be the sum of the rates of change of the 
protonated, d|SH * |/dt, and nonprotonated d{S}/dt, 
forms so that 


treptozotocin 


d|S|./dt = d([S} + |[SH*])/dt 
= — k[H*]|S] 
= + [S]} 
= —(k — ko) (She (Eq. 4) 


where & is the apparent first-order rate constant at 
an acidic pH and ky ~ 2.0 X 10°° sec.~! is the 
apparent first order, pH-independent, rate constant 
from the data of Table II, runs 26 through 30 

The ionization equilibrium 


SH*+=S + H* (Eq. 5) 


may be formulated as 
[S| /[SH*] = K./[H*] (Eq. 6) 


where &, is the ionization constant of the equilibrium 
given in Eq. 5. By a method analogous to that of 
Edwards (8) it can be shown that 


(k — ko)/(H*] = = + Ka/[H*]) + 


k2/(1 + [H*]/Ka) (Eq. 7 


Also, from the relationships of Eqs. 4 and 7, it 
can be shown that 
k — ko = (ke — kn+)Ka + &i[H*] (Eq. 8) 


At some other hydrogen ion concentration, 
|H*|’, the apparent first-order rate constant is 
k’ where 


(k’ — ky) /{H*]’ = 
k’ — ko = [ke — + 


(Eq. 9) 
(Eq. 10) 


Subtraction of Eq. 10 from Eq. 8 and rearrange- 
ment results in 
(k'n+ — kunt) 


(k — k’ 

— [H*]’ [H*] — [H*]’ 
(Eq. 11) 

It follows that from any two studies k — k’, 
(k — ko)/\H*| may be calculated. The hydrogen 
ion activity is used for the |H*| values and is 
considered as 


an+ = [H*] = (Eq. 12) 
However, since the pH measurement is inaccurate 


at low pH values, the hydrogen ion activities are 
determined from 


an+ = faci{HCl]} (Eq. 13) 
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Fig. 6.—Apparent first-order plots of strepto- 
zotocin degradation at 30° in phosphate buffers as 
determined by color assay 


Code pH Run 
oO 6.89 14 
7.32 15 
« 7.69 16 
8.00 17 


as based on the literature values of the activity 
coefficient (9a), fuci, and the actual HCI concen- 
trations. Experimental and actual pH (= —log 
fuci{HCl|) values are given in Table II for the 
actual concentrations of HCl used. It is observed 
that above pH 1.0 the agreement between calculated 
and experimental pH values is good 

When runs 18 through 25, Table II, are paired in 
all possible combinations, the data permit the 
calculation of the functions, (k — k')/({H*|] — 
{H*]’) and (k’'n+ — kyt)/({H*] — [H*]’) for 
each pair. When the former is plotted against the 
latter to validate the postulates behind Eq. 11, a 
straight line should result with slope K, and in- 
tercept &. Such a plot of paired vaiues is given in 
Fig. ¥. The numbers at each plotted point refer to 
the paired runs listed in Table II for which the 
functions were calculated 

The intercept, &, of Fig. 9 is 238 XK 10° 1 
mole/sec. and the slope, Ka, is 4.51 & 10°? or 
pKa = 1.35 at 30°. Such a pKa would not be 
observed on classical potentiometric titration (3) 
The k value calculated from Eq. 8 for runs 18 
through 25, Table II, is 2.76 10°>*1/M/sec 

Thus Eq. 7 at 30° becomes 


ku+ = 2.38 + 4.51 10°2/[H*]) + 
2.76 X 10°*/(1 + [H*]/4.51 X 10-2) (Eq.14) 


Use of this equation permits the calculation of 
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TIME IN HOURS 


Fig. 7.-Apparent first-order plots of strepto 
zotocin degradation at 30° in hydrochloric acid as 
determined by polarography where ip is taken at 


Code HCl pH Run 
Oo 0.010 2.02 25 
0.020 1:74 
« 0.040 1.49 23 
0.075 1.22 22 


apparent first-order rate constants at 30° by 
k = kyn+([H*] + by (Eq. 15 


where [H*] is defined by Eq. 13. The rate con 
stants calculated on this basis for the pH range 0 to 
5 are given in Table II and demonstrate agreement 
with the experimental values. The drawn solid 
curve in Fig. 8 for the acid branch is the calculated 
curve; the plotted points are the experimental 
values where pH is taken as —log fye;HCl. Agree 
ment is observed 

Degradation at Alkaline pH Values. A similar 
rationale is not applicable to explain the apparent 
fractional slope of the log k& versus pH plot at 30° in 
the alkaline region (see Fig. 8) as given in the empiri 
cal Eq. 3. A set of simultaneous equations can bi 
postulated however. They are 


k = ku,eo,- + 
kupo,” [HPO,"] + kon-|OH + ky (Eq. 16 


where the k& values, pH values, and [H»PO, 
and {[HPO,~| concentrations are given in Table I, 
runs 14-17. The {OH~] concentration can be 
calculated from 

[OH | = 10 poH — 10 (pKw- pil (Eq 17 


where pK, is 13.83 at 30° (9b). 
The ky. po, value is negligible and on its omissior 
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Fig. 8.—-pH profile of the logarithm of the ap- 
parent first-order rate constant, & in sec. ~', for the 
hydrolytic degradation of streptozotocin at several 
temperatures. The dashed lines are empirical rela- 
tions for acidic and alkaline hydrolysis. The solid 
curve at 30° is based on a streptozotocin ionic equi- 
librium in the range and ignores possible mono- 
hydrogen phosphate ion catalysis in the alkaline 
range, i.e., considers hydroxyl ion and water cata 
lyzed degradation only. The dot-dash curves esti- 
mate the log &-pH profile at other temperatures 
The open circles are by polarographic assay; the 
closed circles are by color assay 


from Eq. 16, the estimated values are kon 158 
L./mole/sec., 33 10°° L./mole/ sec 
where kj) is 0.20 K 10 sec. 

This result implies significant catalytic degrada- 
tion by monohydrogen phosphate ion Use of 
these parameters in Eq. 16 where kyepoy = 0 
gives calculated values in good agreement with the 
experimental (see runs 14 through 17, Table 1) 

The variation in rate from strict hydroxyl ion 
catalysis cannot be ascribed to ionic strength, 
w. Anexpression for uw simplifies to 


= |H.PO,-| + (Eq 18) 


and shows very little variation from 0.25 among 
runs 14 through 17, Table I 

The drawn solid curve in Fig. 8 is not intended to 
agree wit!) the plotted experimental points of the 
alkaline branch since it is based solely on the 
“spontaneous” rate, &, and the specific hydroxyl 
ion catalysis, 1. € 


k = ky + [OH™] (Eq. 19 


Degradation at Several Temperatures... Table II 
provides the conditions and rate constants (k 
in sec. ') for the apparent first-order degradation 
of streptozotocin at various other temperatures 
These values are also plotted in Fig. 8 with the dot 
dashed lines estimates of the log & versus pH fune 
tions at a given temperature 

The Arrhenius plots for the data of pH 2.03, 
165, and 6.90 are given in Fig. 10. The parameters 
f the Arrhenius equation 


log k = Sa4/T + log P 
= AH,/2.303RT + log P Eq. 20) 
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Fig. ¥.--Plot of the linearly related functions to 
permit estimates of the slope, ie., the dissociation 
constant, Ag, of protonated streptozotocin, and the 
intercept, the bimolecular rate constant, 
k,, for the hydrogen ion catalyzed degradation of 
this protonated streptozotocin. The numbers per- 
tinent to the data points represent the paired studies 
of Table Il used in the calculation of the functions. 


are defined and given in Table IV. The Arrhenius 
plot for the 4.65 pH data has greater variation than 
the others. Nevertheless, the estimated slope for 
the 4.65 pH is not inconsistent with that for the 
2.03 data. The plotted data in Fig. 8 for temper- 
atures other than 30° are based on the curves drawn 
for the Arrhenius relations in Fig. 10. 

Correlations of Bioassay and Chemical Assays.— 
The possible correlations of the bioassay (4) with 
color assays (7) are plotted in Fig. 11, of the bio- 
assay with polarographic assay are plotted in Figs. 
12, 13, and 14 for degradation at several pH values. 
The statistics for the least squares plots are given in 
Table V 

Although the bioassay (y) is considered as the 
dependent and the chemical assay (x) as the inde- 
pendent (or error-less) variable in the statistics of 
Table LV, the plots in the figures are of x versus y. 

Inspection of the table and figures permits the 
conclusion that only the polarographic assays at 
degradations of pH 3.42 and 5.86 can be cor- 
related with the bioassay, where slopes and in- 
tercepts are not significantly different from the 
theoretical 1.0 and 0.0. Figures 12 and 13 show 
that the agreement would be even more coincident 
if there had not been one or two extreme values at 
the higher concentrations. However, this is not too 
serious as a mild difference in slope from unity but 
no difference in intercept from zero merely signifies 
that the physicochemical factor (absorbance 
or diffusion current) chosen to represent a unit 
concentration may have been based on a sample of 
slightly greater streptozotocin content than that of 
the bioassay standard. Of greater importance is 
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TABLE I\ APPARENT THERMODYNAMIC QUANTITIES" FOR THE HyprROLyTIC DEGRADATION OF STREPTO- 


ZOTOCIN 
spparent pH AHa log P Buffer Compesition 
6.90 5,921 a7 15.19 {H,PO, = 0.051, = 0.0750 
1 65 +, 20.6 9.19 COOH] = 0.025, [CH,COO = 0.025 
03 500 20.6 41 = O.O10 
Phe quantities are derived from the logarithmic form of the Arrhenius relation log: / AHaq 2.303R) (1/7) + log P 
? + log P where the & is in sec the AMq is the heat of activation in kcal/mole, R is the gas constant in cal ‘degree 


mole, 7 is the absolute temperature, and log P is a constant associated with entropy 


TABLE \ STATISTICS OF REGRESSIONS (y = mx + b) OF bioassays (vy) ON CHEMICAL Assays (\ 


10° Degradation No. of Least Squares oy 
Assay pH Run ‘ig Assays Fit om mg/ml Remarks 
Color 16 11 19 y= 54.3 0.219 76.1 Cannot assume y = 4 
124.6 
Polarograph 3.42 26 12 11 y= 1242 358.5 0.148 85.9 The slope, m, is not 
-74.2 significantly differ 
ent than 1.0; the 
intercept, 6, is not 
significantly differ 
ent than 0. For = 
0, m = 1.074; ¢, = 
0.068 
Polarograph 5.86 31 13 Ss yv=13llx 50.5 O.131 65.8 As above, except when 
~ 56.9 b6 = 0, m = 1.180, 
om = 0.062, and m 
is significantly differ 
ent from 1.0 
Polarograph 2.02 25 14 13 v=1226x 33.0 0.086 185 Both slope, m, and 
134.8 intercept, 6, are sig 
nificantly different 
from the theoretical 
values 1.0 and 0.0 
e a 
_ 
ano} 
=u 
=F 
ES 
Z 
< AQ 
= 
CONCN. (meg ml) FROM BIOASSAY 
Fig. 11.-Attempted correlation of streptozotocin 
color assay with bioassay on material degraded at 
30°, pH = 4.6 (run No. 8). The solid line is fitted 
by least squares; the dashed lines represent the 
e. standard deviation of bioassay about regression 


proceeded, which produced color construed to be 
antibiotic. Thus when the material had degraded to 
zero bioassay, the color assay might still indicate 

Fig. 10.-—-Arrhenius plots for streptozotocin deg streptozotocin. In the case of the degradation at 
radation at several pH values: curve A, pH 6.90 — pH 2.02, Fig. 14, the signficantly nonzero intercept 
in phosphate buffers; curve 5, pH 4.65 in acetate implies acid degradation of the antibiotic at som¢ 
buffers; and curve C, pH 2.03 in hydrochloride 


10% 1/7 


other site than the N-nitrosoamide grouping 


buffers 

DISCUSSION 
that the intercept should not be significantly non 
zero. The significant deviation of the intercept Mechanism of Streptozotocin Degradation. 
from zero is readily explained in the case of the color The following scheme summarizes the evidence on 
assay (degradation at pH 4.6, Fig. 11) by the ap- — the degradation of streptozotocin (1) and presents a 


pearance f an artifact, nitrite, as the degradation possible mechanism. The values under the com 
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pounds represent the assignment of observed pKa 
values. The parenthetical value is the handbook 
pKa. The symbol (?) represents doubtful assign- 


ments of experimental pKa values 


Acid degradation of streptozotocin: 


O NO OH 
R—C—N—CH > HNO, + R—--C—N--CH 
none HOH | 
R—C—OH + CH;NH 
> 10? (107 


Eq. 21 


Alkaline digestion of acid degraded streptozotocin 


OH 
R—C--OH - > \R--H + CO 
> 10(? >10 (104 
62 (63 
CH,NH;,?* OH CH,;NH, 
> \>10 (107 
Eq. 22 


Alkaline degradation of streptozotocin: 


OH 
NO | 
OH R—C—OH 
R—C—N—CH OH 
CHLN, 
nove 
diazomethane 
R--H + CO 
[>10 >10 (104 
6.2 (63 
Eq. 23 


+ CH,OH 4 | 


9.2 (9.3 


Acid digestion of alkaline degraded streptozotocin 


| 


| 2 (9.3 
CO;~ | >\ CO, f 


Since the R—H is the only structure that can be 
assigned the pKa ca. 10.8 observed on the alkaline 
titration after the acid digestion of the alkaline 
degraded streptozotocin, it follows that RH 
may actually be R'’ — NH;* and it is possible that 
the N-nitrosomethylamide group is actually a 
substituted N-nitrosomethylurea.? 


HO NO 
R’—N—C 
II 


N—CH 


The N-nitrosomethylamide (or N nitrosomethyl- 
urea) group is susceptible to hydrogen ion, water, 
ind hydroxyl ion catalyzed hydrolysis with evidence 
for general base catalysis as by monohydrogen 
phosphate ion The apparent first-order rate 
constant, k, for this hydrolysis may be defined as 


As originally suggested on organochemical evidence by 
Dr Heinz Jahnke of these laboratories 
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Fig. 12.—-Attempted correlation of streptozotocin 


polarographic gssay with bioassay on material de 
graded at 30°, pH = 342 (run No. 26) The 
solid line is the theoretical relation of unit slope 
The dashed lines represent the standard deviation 
of bioassay about regression 


CONCN meg. ml.) FROM BIOASSAY 
Fig. 13.—-Attempted correlation of streptozotocin 


polarographic assay with bioassay on material 
degraded at 30°, pH = 5.86 (run: No. 31). The 
solid line is fitted by least squares; the dashed lines 
represent the standard deviation of bioassay about 
regression 


k = kn +/H + [HPO] +4 


kon -(OH + ky 


(Eq. 25) 


where the specified rate constants at various 
temperatures have been given previously. The 
ky+ rate constant is actually a synthesis of two 
others, the one representing hydrogen ion attack 
on a protonated, the other on a nonprotonated 
streptozotocin of pKa 1.35 at 30°, possibly due 
to the N-nitrosomethylamide group of weak ba- 
sicity. 

Prediction of Stability in Vitro and in Vivo.—The 
optimum pH for the maintenance of streptozotocin 
stability in solution is ca. pH 4.0 where the antibiotic 
has a half life of 90 hours at 30°. Ata pH of 1.0, the 
half life is 14 hours, and at a pH of 7.0 it is 3.84 
hours at 30°. It follows that significant degradation 
can be expected in the stomach on oral ingestion al- 
though the loss in potency prior to absorption would 
not be of great practical significance if a maximum of 
one to two hours at a pH of 1-1.5 for stomach re- 
tention is assumed, 
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ml) FROM 


POLAROGRAPHY 


mcg 


CONCN 


CONCN. (meg./ml.) FROM COLOR ASSAY 


Fig. 14.—-Attempted correlation of streptozotocin 
polarographic assay with bioassay on material de 
graded at 30°, pH = 2.02 (run No. 25). The solid 
line is fitted by least squares; the dashed lines 
represent the standard deviation of bioassay about 
regression 


However, the important factor to consider in 
in vive stability is the possible degradation in the 
intestine and in the blood. Fortunately, strepto- 
zotocin is nonionic so that a high degree of gastric 
absorption may be surmised from a site of in 
consequential degradation. At a pH of 7 at 37°, 
the half life of streptozotocin is ca. one hour. It 
thus follows that no matter the metabolic or ex- 
cretory rate of organism given the drug, the half 
life of the drug in the blood would not exceed one 
hour and would most probably be less. When the 
factors of intestinal degradation (pH 5-7) and 
distribution to tissues are considered, it is to be 
expected that it would be extremely difficult to 
pick up sensible blood levels of streptozotocin on 
oral administration 

Comparison of Assay Procedures. The color 
assay is an effective and valid procedure above the 
pH range (> 5.0) where nitrite is not a product 
of degradation. Since the color assay measures 
nitrite yield from acid degraded streptozotocin by 
the diazotization of sulfanilic acid, nitrite contam 
inant would be calculated as streptozotocin. Such 
a contaminant must be compensated 

The color appearance at room temperature after 
the addition of the assay reagents is indicative of 
nitrite presence. The linear portion of a plot of 
color absorbance versus time for the first fifteen 
minutes may be extrapolated to zero time, as in 
Fig. 3. The resultant intercept value should be 
subtracted from the total color development at 60° 
and the difference used in the estimation of the 
streptozotocin present 

The polarographic assay of the functional group 
is independent of the nitrite present as an impurity 
and may be used without compensatory techniques 
on acidic solutions of the antibiotic. Although the 
polarographic assay correlates well with the bio- 
assay (by plate-disk against P. vulgaris) at the 
neutral and mildly acidic pH values, it gives an 
apparently higher assay reading on streptozotocin 
degraded in strong acid. This may be due to the 
fact that streptozotocin has an additional mode of 
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degradation in strong acid thus destroying potency. 
This mode would involve some function other than 
the N-nitrosomethylamide grouping 

Correlation of bioassay with the polarographic 
assay (using only those degradations at pH values 
where the regression line goes through the origin) 
permits estimation of the error in the bioassay, a 
standard deviation of 80 meg./ml. for streptozotocin 
in the concentration range 0-700 meg./ml., average 
350; or the standard deviation, ‘, of average, is 
23% 

The shift of half wave potential, Eiy,, (Fig. 2) 
to less negative potentials with increasing acetate 
ion concentration in the polarography of strepto 
zotocin is an interesting phenomenon. The re 
duction by electrons of a compound is abetted by 
the addition of negative ions. It has been suggested! 
that streptozotocin complexes with the buffer in 
the region of the microelectrode. The polarographic 
procedure is valid, however, since at a given acetate 
buffer concentration, the ip/C and E:,, values for 
streptozotocin showed no significant variation with 
the concentration, C, of the antibiotic 


SUMMARY 


1. The antibiotic streptozotocin readily de 
grades in aqueous solution as a function of hydro 
gen and hydroxyl ion concentrations with a maxi 
mum stability at pl] 4. Water and monohydro 
gen phosphate ion catalyzed hydrolysis are indi 
cated, 

2. The log k — pH profile can be fitted by the 
postulate of differential hydrogen ion catalyzed 
hydrolysis on an ionic equilibrium with proto 
nated streptozotocin, pKa 1.35 at 30° 

3. Prediction of in vivo stability of the anti 
biotic streptozotocin indicates that although 
gastric degradation would be of little importance 
on oral administration, degradation in the in 
testine and blood would be. It is anticipated 
that great difficulty would be encountered in ob 
taining significant blood levels since the half life 
in the blood should not exceed one hour 

4. A color assay based on diazotization of 
sulfanilic acid by the nitrite from acid degraded 
streptozotocin is valid providing nitrite is not a 
contaminant. Procedures are given to compen 
sate for such a contaminant. 

5. A polarographic assay is developed which 
can assay for streptozotocin in the presence of 
nitrite and is applicable in acid degrading system 

6. The error in bioassay has been estimated 
and correlations have been demonstrated wit! 
color and polarographic assays of streptozotocin 
The nitrite contaminant would interfere with th: 
uncorrected color assay correlation. Only in acid 
solutions is the polarographic assay not full 
correlated with bioassay. This indicates tha! 
acidic degradation which destroys biological! 
potency proceeds by two mechanisms, the dé 
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struction of the reducible N-nitrosomethylamide 
and some other functionality independent of the 
group. Thus when the biological potency is zero, 
some reducible N-nitroso may remain 

7. Potentiometric titrations, the results of 
the kinetic studies, and the correlations indicate 
that streptozotocin is an N-nitrosomethylurea 
and this function's stability, for the greater part, 
is correlated with the biological activity of the 
antibiotic. Mechanisms of solution degradation 
have been proposed. 
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Absorption Spectra of Cardiac Glycosides 
and Aglycones in Sulfuric Acid* 


By B. T. BROWN and S. E. WRIGHT 


The absorption s 
tives, have been 


ctra of 38 cardiac glycosides, aglycones, and aglycone deriva- 
etermined in sulfuric acid. The use of these spectra may assist 


in differentiating between members of the A, B, and C series of digitalis glycosides 
and aglycones. 


T= USE of absorption spectra in concentrated 
sulfuric acid for the characterization and 
estimation of steroids has become an important 
aid in the study of these compounds. The 
initial work by Zaffaroni and co-workers (1, 2) 
has been supplemented by the studies of Bern- 
stein and Lenhard (3, 4), and the absorption 
spectra of several hundred steroids in sulfuric 
Certain 
features of the steroid molecule have been related 


acid are now recorded structural 
to selective absorption in sulfuric acid, including 

3,4*° unsaturated carbonyl group which has 
been correlated with absorption in the 280-300 
mu region, and isolated carbonyl and hydroxyl 
groups which absorb in the 239-249 my region 

1) 

While the absorption spectra in ethanol of 
many cardiac glycosides and aglycones have been 
recorded (5), the application of sulfuric acid 
spectra of these compounds for identification 
purposes has been limited. Murphy (6) re 
corded the absorption spectra in sulfuric acid of 
four aglycones in the region 360 to 600 my. The 


* Received May 9%, 1960 from the Department of Phar 
macy, Univers*ty of Sydney, Sydney, Australia 

rhe authors would like to thank Mr. C. Short for assistance 
with the experimental work 


present paper ts a study of the absorption spectra 
in sulfuric acid of 38 glycosides, aglycones, and 
aglycone derivatives in the range 210 to 600 mu, 
and the spectra recorded have provided a useful 
method of helping to distinguish between digitalis 
glycosides and aglycones of the A, B, and C 
series. 


EXPERIMENTAL 


Determination of Absorption Spectra. Absorp 
tion spectra were determined on a Hilger “‘Uvispec”’ 
spectrophotometer model S.P. 500) (Hilger and 
Watts, Ltd Readings were recorded at  5-my 
intervals. Silica cells (1 em.) were used through 
out, a hydrogen lamp in the range 210-360 my, and 
a tungsten lamp 360-600 my 

The solutions for analysis were in a concentration 
of 15 meg. /ml. to 30 meg. /ml., and were determined 
Within one hour after solution in sulfuric acid (98°, 
w/w H.SO, To investigate the alteration of 
spectra with time, the spectrum of each compound 
was redetermined after twenty-four hours 

Tabulation of Data. In Table I, the absorption 
maxima and minima Fil',, 1 em.) for each com 
pound have been recorded. Each absorption band 
is recorded by a single wavelength and the symbol 
(1) has been used to denote an inflection or a plateau 
if this was observed in the spectra 
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TABLE I \BSORPTION SPECTRA OF COMPOUNDS STUDIED 
Compound Maxima myé Minima myt dil 
sic 
Cardiac Glycosides dij 
Lanatoside A¢ 235 ( 150), B25 | 175), 415 (1 10), YRS (90), 375 (90) to 
$80 (95) (1 (N 
Digitoxin® 235 (270), 340 (240), 420 (240), 265 (175), 375 (215), 440 (165) a 
185 (230) 
Desacetvl lanatoside 315 (180), 420 (140), 500 (810) 255 (115), 360 (115), 445 (120) = 
1), 530 (360) ab 
Gitoxin’ 235 (210) (1), 315 (275), 415 260 (150), 375 (140), 480 (160), cy 
185), 495 (430), 530 (505) 510 (405) sti 
Digitalinum verum 235 (85) (1), 320 (190), 495 (210) 260 (150), 400 (30) of 
1), 580 (280) 29 
Digitalinum verum monoace 235 (95) (1), 320 (230), 495 (240) =240 (75), 390 (40) 24 
tate 1), 5380 (305) 
Gitoside 235 (140) (1), 310 (285), 500 265 (105), 390 (100) 
385) (1), 580 (475) ab: 
Lanatoside C 230 (235), 320 (130) (1), 390 255 (105), 430 (105) 
295), 480 (160) Cc 
Acetyl-digoxin 230 (195), 320 (105) (1), 390 260 (95), 360 (105), 440 (105) O1 
280), 490 (165 
Desacetyl lanatoside C* 235 (215), 325 (120), 390 (260), 265 (95), 340 (110), 440 (105) do 
180 tiv 
Digoxin’ 230 (260), 320 (225), 390 (305), 265 (110), 340 (130), 430 (130) bu! 
$90 (210) miu 
20,22-Dihydrodigoxin#@ 320 (195), 390 (380), 490 (215) 260 (100), 345 (130), 440 (140) eac 
Diginatin 230 (185), 310 (175), 390 (315), 220 (170), 255 (95), 335 (160), in 1 
$80 (230), 560 (120) 160 (180), 540 (105) »”) 
Afroside acetate? 235 (520), 340 (170) (1), 360 270 (60) All 
(205) 
Gomphoside acetate? 235 (295), 355 (250) 270 (40) — 
Ouabain?® 240 (450), , 515 (80) 215 (270), 295 (170), 365 (45) sh 
Strophanthin-k# 240 (195), 325 (220), 420 (130) = 270 (90), 370 (60) the 
Scillaren A®* 255 (160), 327 (425), 420 (85) 230 (125), 270 (145), 390 (40) cve 
530 (95) tio 
Scilliroside 295 (260), 505 (315) 230 (110), 330 (70) but 
mu 
Cardiac Aglycones and Derivatives 
Digitoxigenin®@ 235 (320), 350 (290), 410 (270) 270 (115), 385 (200) | 
20,22-Dihydrodigitoxigenin? 355 (170), 420 (280) 260 (85), 385 (130) con 
Digitoxigenin-3-acetate4 5 (370), 345 (290), 415 (270) 260 (95), 385 (170) om 
Digitoxigenin-3-one4 230 (180), 350 (580), 420 (50) 265 (25), 390 (15) the 
B-( A" Anhydrodigitoxi 235 (405), 350 (275), 410 (220) 260 (135), 385 (160) iss 
genin® clos 
B8-( A'S). Anhydrodigitoxi 235 (430), 350 (300), 415 (185) 260 (120), 375 (130) For 
genin acetate? me 
Gitoxigenin® 225 (230) (1), 315 (420), 415 260 (140), 365 (90), 430 (105) aol 
120), 510 (400) (1), 540 (440) B 
A'* 6. Dianhvdrogitoxigenin4 370), 350 (240), 420 (270) 215 (250), 270 (195), 395 (175 Sut 
Digoxigenin® (410), 320 (310 , 390 (350 260 (95), 340 (100), 4820) 
$85 (110 qui 
Digoxigenin-3, 12-diacetate* 30) (380), 820 (350), 390 (100), 260 (75), 340 (45), 410 (40) igh 
190 (70 pro 
20,22-Dihydrodigoxigenin® 315 (150), 390 (450), 485 (160) 250 (95), 340 (105), 430 (85) 
Digoxigenin-3-one4 230 (415), 320 (410), 390 (140) 215 (390), 260 (130), 350 (85) 1 
Anhvdrodigoxigenin? 230 (350), 320 (120), 390 (360), 260 (75), 345 (100), 450 (80) dig 
520 (100 dist 
Digoxigenin-3,12-dione* 230 (380), 315 (230), 390 (260), 260 (100), 350 (125), 480 (80) gen 
5OO (80) (1) lig 
Diginatigenin 230 (160), 310 (130), 390 (210), 250 (45), 345 (85), 470 (75) : 
$25 (190) (1), 490 (85) — 
Sarmentogenti 230 (460), 415 (430 215 (360), 270 (75 cep 
Ll-epr-Sarmentogenin 230 (230), 415 (410) 275 (60) hye 
Afroside-g-anhvdrogenin 230 (240), 340 (95) (1), 360 (120) 260 (45) nd 
tate* trite 
Ouabagenin 240 (510), 205 (190) (1), 420 375 (75 of d 
(125) (1), 510 (210 Cs 
T 
Sources of material Sandoz A G.. Basel Burroughs Wellcome & Co (Aust) Ltd. Sydney, Australia © Burroug! 
Wellcome & Co., New York, N. ¥ ? Department of Pharmacy, University of Svdney. Sydney, Australia nd 
The figures in parentheses refer to the E(1°), lem.) value at the wavelength stated nd 
nd 
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DISCUSSION 


In the present series of compounds, there is little 
difference between the absorption spectra of glyco- 
sides and of aglycones. Thus, the spectra of 
digoxin (No. 11) and gitoxin (No. 4) are very similar 
to that of their respective aglycones, digoxigenin 
(No, 28) and gitoxigenin (No. 26 Any differences 
are in intensity rather than in the positions of the 
maxima. It would appear, therefore, that the 
absorption maxima in sulfuric acid are due prin 
cipally to the steroid aglycone and the groups sub- 
stituted in this nucleus. Comparison of the spectra 
of digoxigenin (No. 28) and diacetyl digoxigenin (No 
29), and of digitoxigenin (No. 30) with digitoxigenin 
3-one indicates that acetylation of hydroxyl groups 
or their oxidation to ketone has little effect upon the 
absorption spectra 


In ethanol, the A®: *? unsaturated lactone of the 
C-17 cyclobutenolides absorbs at 217 my [range 
215 to 218muyu (6)|, while compounds in which this 
double bond has been reduced do not show absorp 
tion in this region. In sulfuric acid, the unsaturated 
butenolides examined all showed absorption at 235 
my (230 to 240 my The absorption spectra of 
each of the three 20,22-dihydro derivatives examined 
in the present study |20,22-dihydrodigoxin (No. 12), 
20,22-dihydro-digitoxigenin (No. 21), and 20,22 
dihydro-digoxigenin (No. 30)| do not show an 
absorption band at 235 mu, but each spectrum does 
show other absorption maxima corresponding to 
those present in the corresponding unsaturated 
eyelobutenolide. It would appear that the absorp- 
tion maximum at 235 my can be assigned tothe cyelo 
butenolide ring, the maximum being shifted from 217 
mu in ethanol to 235 mu in sulfuric acid 


The absorption maxima of the present series of 
compounds in sulfuric acid appear to be dependent 
on the position and nature of groups substituted in 
the aglycone nucleus. These spectra can therefore 
issist in differentiating between small amounts of 
closely related aglyvcones or aglycones derivatives 
For example, while the Ry values of digoxigenin 
a 38, 128, 148 trihydroxy compound) and sarmen- 
togenin (a 38, lla, 148 trihvdroxy compound) are 
similar in a number of paper chromatography 
systems, the sulfuric acid absorption spectra are 
quite different, and microgram amounts of these 
iglveones have been distinguished by this latter 
procedure (7,8 


The absorption spectra in sulfuric acid of the 
digitalis glycosides provide a convenient method for 
distinguishing between members of the A (digitoxi 
genin deri . ives), B (gitoxigenin derivatives), or C 
digoxigenin derivatives) series of glycosides. It is 
evident that wavelengths of absorption maxima 
depend on the number and position of nuclear 
hydroxyl groups attached to the aglycone nucleus, 
and any sugar residue at C-3 only modifies peak 
intensity. Table II records the absorption maxima 
of digitalis glycosides and aglycones of the A, B, and 
C series 


The A series compounds (with 36, 148 hydroxyl 
groups) may be distinguished by maxima at 350 
nd 415 mu, the B series by strong maxima at 490) 
nd 530 mu, and the C series by maxima at 320 
nd 390 mu 
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TABLE II.—-ABSORPTION MAXIMA OF DIGITALIS 
GLYCOSIDES AND AGLYCONES OF A, B, AND C SERIES 
IN SULFURIC AcID 


Series Absorption Maxima, my 
A series 235 350 415 
B series 235 3820 415 490) 530 
C series 235 320 390 


It is interesting to note that the prominent 
maxima at 490 and 530 mu which are characteristic 
of the B digitalis series, are absent in the spectrum 
of -dianhydrogitoxigenin (No. 27 The spec- 
trum of this compound resembles rather that of the 
A series (36, 148 hydroxyls) with maxima at 235, 
350, and 420 mu. It would appear then that the 
prominent B series maxima at 490 and 530 my are 
dependent on the presence of a C-16 hydroxyl 
group 


The absorption spectra recorded twenty-four 
hours following solution in sulfuric acid generally 
indicated only slight changes in maximal absorp- 
tion values. However, the following differences 
were observed. After twenty-four hours, the 
spectra of afroside acetate (No. 14), afroside B- 
anhydrogenin acetate (No. 37), and gomphoside 
acetate (No. 15) had developed maxima at 300 mu, 
E(1°,, Lem.) 260, 130, and 250, respectively, and the 
previous maxima at 340 and 360 mu had disappeared 
After twenty-four hours digitoxigenin-3-one (No 
23) developed amaximum at 290 E(1°,, Lem. )21l5and 
the maximum at 350 mu had disappeared. The 
maximum at 390 mu for both digoxigenin (No. 28) 
and digoxigenin diacetate (No. 29) increased con- 
siderably during twenty-four hours from initial 
F\1°,, 1 em.) values of 350 and 100, respectively, to 
530 and 430, while the 320 imu maximum of both 
compounds decreased to E(1°7, 1 em.) 180 and 130, 
respectively 


SUMMARY 


The absorption spectra of 3S cardiac glycosides, 
aglyeones, and aglycone derivatives in 9S per 
cent sulfuric acid have been determined from 210 
The presence of an absorption peak 
at 235 my (range 230-240 my) indicates the 


to 600 mu. 


presence of a cyclobutenolide group. The use of 


sulfuric acid absorption spectra may assist in 
distinguishing between the A, B, and C series of 
digitalis glycosides and aglycones 
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In Vitro Antibacterial Activity 


of Oils from 


Indian Medicinal Plants I* 


By C. L. CHOPRA, M. C. BHATIA, and I. C. CHOPRA 


In vitro antibacterial activity of nine essential 
oils and one fixed oil obtained from Indian 
medicinal plants was determined using a 
filter paper disk method. The oils were tested 
against various Gram-positive and Gram- 
negative organisms. All the oils tested were 
found to be effective against one or more test 
organisms. 


VOLATILE principles from Indian medicinal 

plants have long been used for the treat 
ment of infective diseases, both local and sys 
temic. Some of the essential oils isolated in this 
institute and their antimicrobial activity by serial 
dilution method have been reported earlier 
(1-5). Maruzella, et al 


some known oils, singly and in combination, for 


(6-9), reinvestigated 


their antibacterial activity by filter paper disk 
method. The present communication deals with 


antimicrobial activity of some further es 
sential oils and one fixed oil from the following 
medicinal plants by filter paper disk method. 

Artemisia absinthinm Linn. (Compositae), 
Absinth... The herb is an aromatic tonic and 
formerly enjoyed a high reputation in the treat 
ment of debility and disorders of the digestive 
organs. It is prescribed in the form of a poultice 
as an antiseptic and discutient 

Cedrus deodara (Roxb.) Loud svn. C 
Deodara Hook f. (Pinaceae), Hima- 


cedarwood.— In 


libani 
Barrel var 
layvan ancient systems of 
medicine all parts of the plant were considered 
useful in belching, inflammations, fever, urinary 
itching, tuberculous 
The oil was con 


discharges, bronchitis, 
glands, ophthalmia, piles, ete 
sidered useful in bruises and injuries to joints, 
boils, tubercular glands, and skin diseases 

Ferula jaeschkeana Vatke ( Umbelliferae).—The 
gum-resin is applied to wounds and bruises by 
the inhabitants of Kurram valley 

Origanum vulgare Linn. ( Labiatae) Marjoram. 
The plant was considered useful in inflammations, 
catarrh, ear infections, bronchitis, and asthma 

Pinus excelsa Wall. syn. P. grifeithi M’Clell 
(Pinaceae)—-The plant was considered useful 
in opthalmia, liver troubles, chronic bronchitis, 
and griping The seed oil is highly esteemed for 
its stimulating and healing powers when applied 
as a dressing to wounds and ulcers 


* Received November 23, 1950, from the Regional Ke 
search Laboratory, Jammu (Kashmir), India 

The authors acknowledge the technical assistance of SN 

ak 


Roxb. syn. P. 
Leaved Pine.— The 


Pinus longifolia roxburghti 
Sargent (Pinaceae), 
plant was considered useful in diseases of the eve, 
ear, throat, skin, bronchitis, ulcers, inflammations 
and itching, asthma, urinary discharges, and 


Long 


tuberculous glands 

Punica granatum Linn. (Punicaceae) ~ ome 
granate-—The Hindu and Greek systems of 
medicine consider the herb and seeds to be useful 
in bronchitis, sore throat, and stomatitis. The 
rind of the fruit is employed as anthelmintic and 
in diarrhea and dysentery 
the fruit is used as an ingredient of some mixtures 
considered useful in dyspepsia 

Saussurea lappa Clarke (Compositae) Costus 
The root is bitter, sweetish, and pungent, and 


The fresh juice of 


enjoys a reputation as aphrodisiac and alterative 
and as a cure for leucoderma, erysipelas, itching, 
ringworm, bronchitis, and scabies. According to 
Greek medicine the root cures diseases of the liver 
and kidneys, pain in the chest, asthma, cough, 
inflammations, 
The Chinese considered the root to be carminative 
and stimulant 

Zanthoxylum alatum Roxb 


ophthalmia, and fevers 


(Rutaceae)._-The 
fruit is reputed to cure pain, tumors, abdominal 
troubles; is considered useful in eve and ear 
diseases, leucoderma, asthma, and troubles of the 


spleen 


EXPERIMENTAL 


The detection of the antibacterial activity of 
various oils was made by observing their effects on 
the cultures of the following ten organisms 
Escherichia coli, Staphylococcus aureus, Acrobact 
aerogenes, Salmonella typhosa, Salmonella paratyphi, 
Salmonella typhosa vi, Shigella flexneri, Proteu 
vulgaris, Klebsiella pneumoniae,  Pseudomona 
aeruginosa 

Vincent's method as described by Maruzella, 
et al. (6), was used for determining the presence or 
absence of antimicrobial activity. Eighteen-hour 
cultures were used for seeding 2°; nutrient agar used 
for the tests. Sterile disks of 12.5-mm. diameter 
were saturated with the oil and placed on the seeded 
agar. The presence of definite zones of inhibition of 
any size indicated positive antimicrobial activity 
For measuring the size of the zones, the filter paper 
disks were removed and diameter of the zones show 
ing no growth after twenty-four hours of incubation 
were measured to the nearest millimeter by means «! 
a divider, the plates being suitably illuminated in 
Quebee colony counter. All tests were conducted in 
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TABLE | \NTIBACTERIAI 


ler 
Part from hacter 
Which Oil / Staph aero 
Plants Was Extracted colt aureus genes 
A. absinthium Whole plant 13 
C. deodara Leaves 28 13 
C. deodara Wood 15 13 
F. jaeschkeana Root 13 
O. vulgare Whole plant 17 
P. longifolia Leaves 20 17 14 
P. excelsa Leaves 25 13 
P. granatum Seeds 
(fixed oil) 

S. lappa Root 17 l4 
Z. alatum Whole plant 13 17 
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\cTIVITY OF OILS FROM MEDICINAL PLANTS* 


Zones of Inhibition, mm 


Sh Al Ps 
para tw Phosa flex pneu acru 
typhosa typhi neri vulgaris moniae ginosa 
13 13 l4 
15 23 13 14 13 
13 13 13 
13 13 l4 
16 l4 
IS 13 14 13 13 l4 
24 40 21 13 13 
15 16 l4 13 
25 13 14 l4 
l4 16 13 


« Measurements recorded are the averages of six separate tests 


triplicate, with two disks per plate, each reading 
being an average of six observations. In no instance 
was complete clearing of the plates observed. See 
lable I. 

The essential oils used in the investigations were 
prepared by steam distillation of the dried plant 
material. The oils were separated from the aqueous 
laver and the remaining portions of the distillate 
saturated with sodium chloride. They were then 
extracted with ether and the ether distilled off 
The oils so obtained were mixed with the oils already 
obtained and dehydrated 

Fixed oil was obtained by extracting the pow- 
dered seeds with petroleum ether in a Soxhlet ex- 
tractor. The extract was decolorized by animal 
chareoal. The petroleum ether was distilled off 
and the oil so obtained was used for antibacterial 
investigations. 

The oils were immediately placed in sterile test 
tubes and tested for sterility. Each oil was streaked 
on nutrient agar and Sabouraud’s dextrose agar 
slants and also inoculated in nutrient-broth tubes 
The tubes were incubated at 37° for five days. All 
the oils were found io be sterile 


RESULTS AND DISCUSSION 


The table indicates that each of the ten oils 
tested possessed some antimicrobial activity on one 
or more of the organisms. The essential oil from 
Pinus excelsa was found to be the most potent of the 
oils, giving wider zones of inhibition, though a com- 
paratively lesser species of bacteria were sensitive 
to it. The essential oil of P?. longifolia affected the 
growth of maximum number of organisms and was 
the next in order of potency. The oil from the 
leaves of Cedrus deodara also inhibited seven organ- 
isms, exhibiting quite large zones of inhibition in 
case of E. coli and Sh. flexneri. All other oils are 
relatively less potent. 

Investigations carried out by Maruzzella and 
Lichtenstein (6) show that, generally, fixed oils 
exhibit no antibacterial activity whatsoever whereas 
present studies show the fixed oil obtained from the 
seeds of P. granatum possess some antibacterial 


activity against S. typhosa, S. paratyphi, Sh. flexneri, 
and Al. pneumoniae. This oil is not as potent as 
some of the other essential oils but its activity 
appears to be better than the essential oils of A 
absinthium and F. jaeschkeana 

No correlation could definitely be established 
between the antibacterial activity of the essential 
oils and their reputed use in the ancient systems of 
medicine. For example, in the medicinal uses of 
S. lappa no particular infectious disease has been 
mentioned but it still exhibits antibacterial activity 
against S. aureus, Aerobacter aerogenes, Sh. flexneri, 
Pr. vulgaris, Kl. pneumoniae and Ps. aeruginosa 


SUMMARY 


1. Nine essential oils and one fixed oil from the 
Indian medicinal plants alleged to have some 
therapeutic value were tested for their in vitro 
antibacterial activity against ten common organ- 
isms using the filter paper disk technique 

2. The essential oil obtained from the leaves of 
P. excelsa was found to be the most potent one 
Next in order of potency are P. longifolia, C 
deodara, and S. lappa. The remainder of the 
essential oils were comparatively less potent. 

3. Fixed oil from the seeds of P. granatum ex 
hibited typhosa, 
S. paratyphi, Sh. flexneri and Kl. pneumoniae 


inhibitory zones against S 
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of the volatile oil has been studied. 


missing ribs. 

tissues were found. Gibberellic acid 

amount of volatile oil but did not alter i 
standards. 


= the discovery by Kogl in 1934 of the 
plant growth hormones hardly any chemical 
has attracted the attention of so many plant 
Although 
the effects of this group of substances which are 


researchers as have the gibberellins. 


the metabolic products of the parasitic ascomy- 
cete, Gibberella fujikurot, were described by 
Konishi as early as 1828 (1), it was not till 1938 
that a group of Japanese plant physiologists 
succeeded in isolating the main principle in a 
Up to January of 1959 some 800 
this had 
Reference is made to excellent review articles by 
Stodola (1) and Stowe and Yamaki (2) 

Reviewing the literature up to 1957, when our 


pure form 


publications on subject appeared 


research started, we failed to find any publication 
relating to the study of the possible effect of 
gibberellic acid on drug plants. We were in- 
terested in testing whether or not gibberellic 
acid would affect drug quality by altering the 
We chose 


spearmint for our study because apparently no 


amount of active ingredients present 


volatile oil containing plants had been studied 
in this regard and because preliminary screening 
of various species and genera of drug plants in 
our drug garden indicated that \Jentha spicata L 
showed the greatest response to gibberellic acid 
Specific objectives of the present study were 
(a) to ascertain whether gibberellic acid would 
bring about any change in the amount of volatile 
oil in spearmint, (+) to establish if the percentage 
of carvone in the oil would be altered, and (c) 
to determine if any macro- and/or micromorpho 
logical changes are effected by gibberellic acid 


EXPERIMENTAL 


Materials and Methods.--Preliminary tests with 
gibberellic acid were started in the fall of 1957 and 
continued through the spring of 1958. In order to 


* Received November 7, 1959, from the College of Phar 
macy, The University of Texas, Austin 12 

t Recipient of Kilmer Prize for 1959 
Presented to the Scientific Section, A. Pu. A 
meeting, August 1959 
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Metabolic and Morphological Changes Induced 
by Gibberellic Acid on Spearmint* 


By EDWARD E. GONZALEZ} and GUNNAR GJERSTAD 


The influence of gibberellic acid on the growth of spearmint and on the production 
Spearmint plants treated once throughout their 
growth period with foliar sprays of gibberellic acid in a concentration of 50 p. p. m. 
displayed a 258 per cent increase in linear growth. The experimental plants de- 
veloped a very thick, wood-like stem which had an extended xylem region and 
An increase in dry matter and a decrease in water content of the 


treatment decreased percentagewise the 
ts carvone content. The oil met all N. F. 


A decrease in total chlorophyll content was found. 


ascertain that the results were reproducible, the 
main experiments were repeated during the 1958 
1959 growing season 

Spearmint plants used in this study were grown in 
pot cultures under carefully controlled greenhouse 
conditions. The plants were propagated from stol 
ons obtained from authenticated spearmint plants 
cultivated for several years in the University of 
Texas drug garden.' Three-inch-long stolons were 
planted about two inches deep in 6-inch clay pots 
containing soil composed of three parts of sandy loam 
and one part of sheep manure, because soil analyses 
indicated that organic fertilization was necessary 
Forty-one days after planting, the young spearmint 
piants had attained a height of approximately two 
inches, and were transplanted to bigger pots con 
taining the same type of enriched soil. After the 
plants had reached a height of about five inches, 60 
pots were selected for study and divided randomly 
into two equal groups. One group was kept as a 
control, while the other was treated with a freshly 
prepared aqueous solution of gibberellic acid? (5) 
Pp. p. m.) prepared with a few drops of ethanol as 
solubilizer. The solution was administered in the 
form of a mist to the leaves and tops by use of a con 
ventional spray gun. Esch of the treated plants 
received approximately €.5 ml. of solution. After 
120 days another spray of identical strength was 
applied 

In order to make sure that the plants received the 
proper nourishment for maturation and also in an 
attempt to avoid the chlorotic condition, observed 
in preliminary experiments, the soil was saturated 
every third week with nutrient solutions of the fol 
lowing compositions 


Modified Hoagland’s Solution 


Cal NO 9.44 Gm 
K NO, 4.00 Gm 
MgS0O,-7H.O 9 80 Gm 
4.60 Gm 
Distilled H.O to make 8,000 ce 


Solution of Trace Elements 


CuCl.-2H.O 0.05 Gm 
H,BO, 2 66 Gm 
MnCl, -4H.O 1.81 Gm 
ZnCh.-2H,0 0.11 Gm 


Distilled H,O to make 1,000 ce 


' Kindly furnished by Dr C. C. Albers 
Texas, Austin 
* Kindly supplied by Dr 


Indianapolis, Ind 


University 


Curt Leben of Eli Lilly Ce 
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Growth Effects... The spearmint plants were ob- 
served every week for specific growth effects. At 
various intervals throughout the growth period the 
height of each plant was measured from the base of 
the stem to the growing tip of the plant (Table 1) 
In the preliminary experiments as well as in the 
second growing season, a demonstrable difference 
between the treated and the untreated plants could 
be noted twelve days after treatment 


INCREASES IN HeiGur OF GIBBERELLIN 
TREATED SPEARMINT PLANTS 


I 


Date Measured Growth, “ 


December 10, 1958 . 
December 19 4] 
January 7, 1959 159 
January 14 185 
February 11 258 
March 4 174 
April 126" 
May 6 157 
June 3 137 


* Treated with 50 p. p.m 


The most pronounced physiological response was 
a remarkable increase in height due mainly to an in 
crease in length between the internodes of the stem 
(Fig. 1 Compared with the controls, the treated 


plants displayed increases in height of about 41°, 
after two weeks and approximately 258°, after nine 
Most of the treated plants de 


weeks (Table I) 


Fig. 1.—Growth effects on Mentha spicata twenty 
tive weeks after the first treatment with gibberellic 
id (50 p. p. m.). Left, first three plants were 
treated twice. Right, control. From left to right 
the plants measured 132, 120, 124, 38, 41, and 34 cm. 
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veloped initially very thin, thread-like stems which 
exhibited vine-like characteristics. Most of these 
elongated stems thickened as the plants matured, 
however, into reddish purple main stems which were 
very hard and rough, longitudinally wrinkled, and 
irregular in shape (Fig. 2 The main stems of the 
treated plants showed from four to six times greater 
diameter than those of the controls. Also, an in- 
crease in lateral branching from the main stem was 
observed 

It was noted that the individual leaves of the 
treated plants had less surface area and less succu- 
lent growth than those of the controls. Unlike the 
lamina of the controls which were ovate in shape, 
those of the treated plants were almost oblanceolate, 
rougher, longer, thinner, and appeared slightly chlo- 
rotic. In general, the treated plants did not appear 
to be as normal or healthy looking as the controls 
There was no evidence that gibberellic acid could 
induce spearmint plants to initiate flower primordia 

Another noteworthy response was that the treated 
plants appeared to be more susceptible to insect at- 
tacks. A similar observation has also been reported 
by Smith and Sciuchetti (5 Our plants were re- 
peatedly attacked by microscopic spider mites of the 
Tetranychidae family, which could be controlled 
with aqueous solutions of Destruxol, a commercial 
insecticide containing nicotine 0.6°,, ammonia 0.8°;, 
pine oil 5.5°,, emulsified in mineral oil 


i 


Fig. 2.— Effect of gibberellic acid on the stems of 
Mentha spicata. Left, stem from an untreated plant; 
right, stem from a plant treated twice with 50 p. p 
in. gibberellic acid. Both stems ere approximately 
six months old. The ratio of stem thickness is 16:3 
in favor of the treated plants. (Two-thirds natural 
size. ) 
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Transverse sections of the stems of 
Top photograph, control; Bottom 


Fig. 3 
Ventha spicata. 
photograph, treated (50 p.p.m.). Note that the 
parenchyma cells in pith of the sections are larger in 
the control, but more numerous in the treated. 
Photomicrograph, X27. 


Vol. 49, No. 12 


Influence on Histology. The morphology of the 
stem differed in that the xvlem and cambium zones 
of the untreated stems are rectangularly shaped 
while those of the treated are more circular (Fig. 3) 
\s will be noted, the pith cells are larger in the con 
trols but more numerous in the treated ones; the 
xylem tissue of the controls covers one-third of the 
area of the treated, and the ribs are missing in the 
experimental plants. The ratio of stem thickness is 
16:3 in favor of the treated plants 

Harvesting.-It has been shown in the case of 
peppermint, that the volatile oil concentration 
reaches its peak at the start of flowering (4). Under 
the assumption that the same holds true for spear 
mint, harvesting was done when most of the plants 
were beginning to bloom. The plants were har- 
vested in the laboratory in order to prevent unavoid 
able loss of water and volatile oil during transport 
The plants were cut at soil level, rapidly weighed 
individually, and placed in extraction vessels. 


METHODS OF ANALYSIS 


Water and Oil Determinations. The plants were 
analyzed for water and volatile oil content accord 
ing to the official methods in U. S. P. XV (5), and 
N. F. X (6), respectively Phe results are presented 
in Table II 

Carvone Analysis... The analysis of the carvone 
content in the spearmint oil was determined by 
ultraviolet absorption using a Beckman spectropho- 
tometer model DU, in substance according to the 
procedure of Reitsema and Faas (7 All carvone 
determinations were performed at 320 my using a 
0.323-mm., slit width and 1-cm. silica cells 

Before the oil was subjected to carvone analysis, 
it was carefully dried with anhydrous sodium sul 
fate. A sample of 0.10 ml. of spearmint oil was 
then measured with a Kahn's blood capillary pipet, 
and diluted with 15 ml. of methanol A. R. The 
prepared solution was then analyzed spectrophoto 
metrically, and the corresponding per cent of car 
vone (Table Il) was read from a prepared standard 
curve (Fig. 4 

Refractive Index. -Since the refractive index is 
one of the best physical identity tests for volatile 
oils, this constant of the spearmint oil was deter 
mined according to the official method (6). The 
control oil showed a [n]|4) of 1.4897, whereas that of 
the treated plants was established at 1.4906. Both 
values fall within the official range (6 


100 
80 
20 
(Absorbance) 
Fig. 4.—Calibration curve of l-carvone in 


methanol measured at 320 mp, 
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ANALYSIS OF WATER, VOLATILE OIL, AND CARVONE CONTENTS OF 


SPEARMINT PLANTS 


TABLE II 
Date of Water 
Harvest Ca ra 
June 3 82.25 61.15 


*C, control, T, treated 


Chlorophyll Analysis... Nw quantitative analysis 
of the total chlorophyll content was performed since 
pure chlorophyll was not available. However, the 
total chlorophyll a and 6 contents of the leaves of 
treated and control plants were extracted according 
to a modified A. O. A. C. method (8), and the ab- 
sorption of the solutions was measured ina Beckman 
spectrophotometer, model DU, using ultraviolet 
light source at a wavelength of 472 mg. The trans- 
mittance value of the control solution was 44.8; 
higher than in the treated plants, indicating that 
the chlorophyll concentration in the experimental 
plants is decreased 


SUMMARY AND CONCLUSIONS 


Preliminary experiments indicated that the 
applied concentration of gibberellic acid was not 
critical to ascertain demonstrable effects, inas- 
much as no significant difference of response was 
observed after use of 10, 50, or 100 p. p.m 

The most conspicuous morphological response 
was the increased height of the treated plants, 
which became so weak that it was necessary to 
support them in order to keep them upright. 

Spearmint plants treated with a solution of 
sibberellic acid (50 p. p. m.) showed the follow- 
Ing responses 


1. A maximal increase in linear growth of 
oS per cent 


Carvone 
1 
0.433 56.10 57.50 


Volatile Oil, 
Cc 


0.6138 


2. A thick, red, round stem was developed bv 


most of the treated plants. 

3. The leaves were morphologically affected, 
developing less surface area and an oblanceolate 
shape. 

+. Histologically, the pith cells were smaller 
and more numerous; the xylem area was larger 
and the ribs were missing. 

5. A significant decrease in water content and 
a corresponding increase in dry weight were 
established (21.1 per cent) 

6. A decrease in volatile oil production was 
found, but there were no significant changes in 
oil composition. 

7. Gibberellic acid decreases the concentration 
of total chlorophyll. 


REFERENCES 


(1) Stedola, F. H., “Source Book on Gibberellin, 1828 
1957,"" Agricultural Research Service, U. S. Department of 
Agriculture, Peoria, 1958 

2) Stowe, B. B., and Yamaki, T., Science, 129, 807(1959) 

(3) Smith, G. M., and Sciuchetti, L. THis JourRNat, 
48, 63(1959) 

(4) Madaus, G., and Schindler, A., Arch. Pharm, 276, 280 
(1938) 


‘United States Pharmacopeia,”’ 15th rev , Mack Pub 

ng Co., Easton, Pa., 1955, p. 944 

6) “The National Formulary,’ 10th Ed., J. B. Lippincott 
Co., Philadelphia, Pa., 1955, p. 734 

7) Reitsema, R. iT., and Faas, W. E., Tuts JourNat, 46, 
381(1957) 

8) “Official Methods of Analysis of the Association of 
Official Agricultural Chemists,"’ 6th ed., A. O C., Wash 
ington 4, D.C., 1945, p. 141 


12 
the 
nes 
ved = 
3) 
the 
the 
s is 
; of 
jon 
der 
lar- 
pid 
ort 
hed 

; 
‘ 
i 

7? 

e in 


Notes 


Note on the Synthesis of Dihydroresorcinol* 
BY BERNHARD ESCH and HOWARD J. SCHAEFFER 


¢ PREPARATION of dihydroresorcinol has pre- trated in vacuo, and gave 3.08 Gm. (94.35, ) of crude 
viously been accomplished by a variety of pro dihydroresorcinol, m. p. YS 102 The product 


cedures. A high pressure hydrogenation at 50° of | was purified by sublimation at 0.5 mm. from an oil 
resorcinol has been described (1) in which yields of | bath at 90°; yield, 2.82 Gm. (85.2°,); m. p. 108 ( 
85-95°, may be obtained. A convenient synthesis 105°. The melting point was not depressed when t 
for the preparation of dihydroresorcinol in an 85°; the product was mixed with an authentic sample of 
yield by the low pressure, catalytic hydrogenation at dihydroresorcinol and the infrared spectrum of the 
room temperature of resorcinol using a 5°, rhodium- product was identical with that of an authentic 
on-alumina catalyst in the presence of sodium hy sample of dihydroresoreinol ‘ 
droxide has been developed. It has also been ob Using a 5‘, Palladium-on-Charcoal Catalyst... To 
served that the hydrogenation could be performed — a solution of 2.52 Gm. of 85°, potassium hydroxide 
with a palladium-on-charcoal catalyst, but in this in 100 ml. of water was added 3.30 Gm. (30 mV) of 
case no more than 82°, of the theoretical amount of — resorcinol followed by 307 mg. of a 5°; palladium 
hydrogen was absorbed and the yields of the isolated = on-charcoal catalyst.' The mixture was hydrogen t 
product were in the 50-60°; range ated at an initial pressure of SO psi. and at room A 
EXPERIMENTAL temperature, but even after twenty four hours no t 
more than 82°, of the theoretical amount of the hy n 
Using a 5‘, Rhodium-on-Alumina Catalyst. To drogen was absorbed. The catalyst was removed by t 
a solution of 146 Gm. of sodium hydroxide in 100 filtration; the filtrate was taken to pH 5 with hydro a 
ml. of we added 3.22 Gm. (29.2 mM) of — chloric acid and then excess sodium bicarbonate was 1 
7 resorcinol followed by 345 mg. of a 5°; rhodium-on added. The solution was extracted with ethyl ace ‘ 
maT alumina catalyst.' The mixture was hydrogenated tate (3 ¥ 50 ml.) to remove the unchanged resor 
cb Low overnight at an initial pressure of 60 psi and at ¢jnol; the aqueous layer was then made strongly ( 
room temperature, during which time the theoretical g¢idie with concentrated hydrochloric acid and ex 
| li | amount of the hydrogen was absorbed. The cat- tracted with ethyl acetate (3 xX 50 ml.). The 
Ii alyst was removed by filtration, and the cooled fil combined organic extracts were dried with anhy 
1 trate was made acidic (pH } 2) with concentrated drous magnesium sulfate, filtered, evaporated in 
- hydrochloric acid, saturated with sodium chloride, vacuo, and gave 1.99 Gm. (59.4°)) of the desired P 
o and extracted with ethyl acetate (5 X& 50 mil.) product, m. p. 103-108 If desired, purification i 
oe The combined organic extracts were dried with may be accomplished by sublimation as previously d 
if anhydrous magnesium sulfate, filtered, concen- deseribed 
Buffalo, Buffalo, 1) Thompson, R. B Organic Collective 
Available from Engelhard Industries, Inc, Newark, N. J Vol. 3, John Wiley & Sons, New Vork, N. V., 1955, p. 278 
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Book Notices 


Pharmakologie. By Von Knupb O. M@LLER 
Benno Schwabe & Co., Verlag, Basel, Stuttgart, 
1958. Available in the U. S. from Interconti 
nental Medical Book Corp., 381 Fourth Ave., 
New York 16, N.Y. 992 pp.) 17 24.5 
A comprehensive textbook and reference volume 

in German) on pharmacology. A bibliography of 

67 pages, a separate index referring to definitions of 

terins in the text, and a general subject index are 

appended 


General Endocrinology. 3rd ed. By C. DONNELL 
TURNER. W. B. Saunders Co., West Washing 
ton Square, Philadelphia 5, Pa., 1960. xi 4 
5ll pp. 15.5 & 23.5em. Price $9.50 
Endocrinology is presented by the author from 

the experimental rather than the applied viewpoint 

Almost all the clinical references in the earlier edi- 

tions have been deleted and more comparative 

material added in this edition. A short section on 
the structure and nomenclature of steroid hormones 
now introduces the chapter on the adrenal cortex. 

The mechanisms of hormone action have been dis- 

cussed as fully as present information permitted 


Chemicals, Drugs and Health. By Joun H. Fovutr- 
GER. Charles C Thomas, 301-327 East Lawrence 
Ave., Springfield, I11., 1960. viii + 102 pp. 13.5 
x 21.5 
Some important situations faced by a ‘foreign’ 

chemical when it tries to enter or has entered a 

living body are reviewed by the author. This was 

done to counteract apprehension that even very 
small amounts of new chemicals may ultimately 
iffect health due to daily skin contact or inhalation 


Von-Benzenoid Aromatic Compounds. Edited by 
Davip GINSBURG. Interscience Publishers, Ine., 
250 Fifth Ave., New York 1, N. Y., 1959. xii + 
543 pp. 15 & 23cm. Price $18 
Subejets covered by different authors are: 

\romaticity, Cyelobutadiene and related com 

pounds, Compounds derived from cyclopentadiene, 

Pentalene and heptalene, Azulenes, Pathways to 

izulenes, Tropones and tropolones, Cvelooctatet 

raene, and Cyclopolyolefins Author and = sub 
ject indexes are appended 


General Cytology. 3rd ed. By E. D. P. DeERo 
BERTIS, W. W. NOWINSKI, and FRANcIscO A 
Saez. W. B. Saunders Co., West Washington 
Square, Philadelphia 5, Pa., 1960.) xvi 4+ 555 
pp. 15.5 & 23.5em. Price $10 
Morphologic, physiologic, and genetic aspects of 

modern cytology are stressed in this revision of the 
book. A chapter on plant cells is one of five new 
hapters. Cytochemical techniques for cell study 
ire correlated with the results obtained and with 
onsiderations of progress in this field 


Detoxication Mechanisms. 2nded. By R. Tecwyn 
Wittiams. John Wiley & Sons, ine, 440 
Fourth Ave., New York 16, N. Y., 1960. x 4 
796 pp. 14 21 em. Price $19 
The author feels that the subtitle ‘‘The Metabo- 

lism and Detoxication of Drugs, Toxic Substances 

and Other Organic Compounds”’ is a truer indica- 
tion of the content of this book. The shorter title 
is retained because it has become well known in the 
twelve vears since the first edition appeared. The 
manuscript for this edition was completed in 1957 


Subsidia Pharmaceutica I, 1960 Supplement and 
Index of Names. Compiled and edited by the 
Scientific Center of the Swiss Pharmaceutical 
Society, and published by the Society, Zurich, 
1960. 514 pp. 17 XK 24 em. Ring binder, 
loose-leaf 
Subsidia Pharmaceutica I, a loose-leaf compilation 

of pharmaceutical information, was first published 

in 1957 {for a review of the original work see Turs 

JournaL, 47, 763(1958)|. Supplements, issued 

periodically, extend the coverage of the work, and 

keep it up-to-date 

The 1960 Supplement (in German) comprises 42 
pages and includes an excellent article on antihis- 
taminic drugs in which the pharmacology and clinical 
uses are described, and a listing of names, structural 
formulas, and dosage forms of 43 such drugs is 

given. Other Supplement articles describe a 

modification of a prescription laboratory pressure- 

filtration apparatus suitable for filtering eye waters, 

a mobile drying and sterilizing cabinet, and two 

forms of disposable polystyrene and polyethylene 

molds for extemporaneously preparing and dis- 
pensing suppositories in the same unit 

The 1960 Index of Names is a 466-page alpha- 
betic, cross-referenced listing of international non- 
proprietary names, names used by various phar- 
macopeias, chemical names, and brand names of 
drugs. The structural formula and principal phar- 
macologic category are provided for each drug 

Dr. K. Steiger-Trippi, Director of the Scientific 

Center of the Swiss Pharmaceutical Society, and 

his editorial associates have achieved commendably 

their objective of providing a variety of up-to-date 
information useful not only to pharmacists in 

Switzerland but also to their professional colleagues 

throughout the world. 


Advanced Organic Chemistry. 3rd ed. By G. W 
WHELAND. John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y., 1960. xi + 871 pp. 
15 23em. Price $17.50. 

The structural theory of organic chemistry is 
stressed and topics of special theoretical significance 
are included in the text. This edition includes elec- 


tronic and nuclear magnetic resonance, confor- 
mational analysis, inclusion and charge-transfer com- 
pounds, and the Hammett rho-sigma relations. 
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The National Formulary. 11th ed. Prepared by 
the Committee on National Formulary under the 
supervision of the Council, by authority of the 
American Pharmaceutical Association Pub 
lished by the American Pharmaceutical As 
sociation, 1960. Distributed by J. B. Lippincott 
Co., East Washington Square, Philadelphia 5, 
Pa. xxxii + 531 pp. 15 XK 23 ecm. Price 
U.S. and Foreign, $9. 


The new National Formulary XI, which became 
official October 1, 1960, represents the results of an 
ambitious revision program. Extension of the 
scope of N. F. admissions to new drugs that have 
achieved wide use by the medical profession, but 
which were not admitted into the companion 
edition of the U. S. P., reflects the advance in 
practical value of this official compendium. Among 
the 148 completely new items in N. F. XI are 
Acetaminophen (N-acetyl-p-aminophenol) (Cat- 
egory—Analgesic and antipyretic); Amisometradine 
(Category— Diuretic); Antazoline Phosphate (Cat 
egory—Antihistaminic); Azacyclonol (Category 
Psychotherapeutic agent); Benzestrol (Category 
Estrogen); Benzpyrinium Bromide (Category 
Parasympathomimetic); Benztropine Methane- 
sulfonate (Category—Parasympatholytic); Dextro- 
methorphan Hydrobromide (Category —Anti- 
tussive); Diphemanil Methylsulfate (Category— 
Anticholinergic); and Diphenadione (Category— 
Anticoagulant). These items, selected from those 
listed alphabetically under the letters A, B, C, and 
D, indicate the wide therapeutic spectrum that is 
covered. In reverse alphabetical order this in- 
teresting story reads the same. Zinc has finaily 
yielded last place in the monograph section to 
Zoxazolamine (Category——Skeletal muscle relaxant; 
uricosuric). There are also Triacetyloleandomycin 
(Category—Antibiotic) and Rescinnamine (Cat- 
egory—Tranquilizer; hypotensive). It is clearly 
evident that N. F. XI reflects the accelerated turn- 
over in materia medica 

N. F. XI is bigger and better. It is Bigger—It 
contains 815 monographs (N. F. X had 733); 
it has 285 new items (137 from U.S. P. XV). It is 
Better—-Its analytical procedures have been mod- 
ernized and include column and paper chromatog- 
raphy, ultraviolet and infrared spectrophotometry, 
radioisotope tracer analysis, and countercurrent 
extraction. Its new two-column format makes 
reading easier; the page-top guide facilitates its use. 
The General Information section includes a really 
useful discussion of ophthalmic solutions with 
procedural guides for extemporaneous preparation 
An important increase is noted in the 42 N. F 
Reference Standards (N. F. X had 10). Most of the 
new reference standards are required in spectro- 
photometric analytical procedures. N. F. XI 
is smaller only in the number of pages. More 
material than ever has been included in 563 pages 
(N. F. X had 910 pages). This minor miracle was 
accomplished with the aid of experts at the Mack 
Printing Company. The two-column format, new 
type face, and style of arrangement is responsible 
for the elimination of much wasted space 
The value of the N. F. to pharmacists and others 
in the health professions is stepped up considerably 
in this latest edition. 


Vol. 49, No. 12 


British Veterinary Codex Supplement 1959. Pub- 
lished by direction of the Council of the Pharma 
ceutical Society of Great Britain. The Pharma 
ceutical Press, London, 1959. Obtainable in 
the U. S. from Rittenhouse Book Store, 1706 
Rittenhouse Square, Philadelphia 3, Pa. xviii 
+ 134 pp. 14.5 K 22.5cm. Price $6. 

This supplement to the British Veterinary Codex 
1953 brings this excellent publication up-to-date in 
relation to the B. P. 1958 and B. P. C. 1959. It 
includes 47 new monographs on drugs, chemicals, 
and related substances: antisera and vaccines; 
and 35 additions to the formulary section. A 
notice on B. V. C. 1953 appeared in Tuts JouRNAL, 
43, 317(1954). 


Handbuch der Papierchromatographie. Vol. 1 
Grundlagen und Technik. Vol.2. Bibliographic 
und Anwendungen. Edited by I. M. Hats and 
K. Macex. Veb Gustav Fischer Verlag, Jena, 
Germany, 1960. Vol. 1, xxiv + 860 pp. and Vol 
2, xxiv + 728 pp. 16.5 X 24cm. Price Vol. 1, 
DM 58.40; Vol. 2, DM 44 
Both volumes are divided into two main sections 

under General part and Specific applications. Vol- 

ume 1 has a third section devoted to reagents, ma- 

terials, and special methods. The books represent a 

comprehensive treatise on the subject. An English 

translation would be very useful. 


Biochemical Preparations Vol. 7 Edited by 


Higenry A. LARDY John Wiley & Sons. Inc., 440 
Fourth Ave., New York 16, N. Y., 1960. ix + 
102 pp. 15 X 23 em. Price $5.25 
Compounds included in Vol. 7 are: N-acetylneur 

aminic acid, Adenoside di- and triphosphates (P**) 
(chemical and enzyme syntheses), 8-Aminoisobut yric 
acid, Carbamyl phosphate, (—)-Carnitine chloride, 
Cerebrosides, Coproporphyrin III tetramethyl ester, 
6 - Deoxy - 6 - fluoro - p - glucose, dihydroxyacetone 
phosphate, Flavin adenine dinucleotide (FAD), 
p-Fructose 1-phosphate (barium salt), 3-Hydroxy 

L-kynurenine, Hydrexypyruvie acid phosphate, 
Methylmalonic semialdehyde, Potassium dihydro 
gen tLgs(+)-isocitrate, S-Palmityl coenzyme A, 
Stearic acid, methyl stearate, and homologous com 

pounds, Stigmasterol, Tetrahydrofolic acid (5,6,7,8 
tetrahydropteroylglutamic acid ). 


Chemotherapy in Emotional Disorders. By Frep- 
eric F. FLacw and Peter F. REGAN. McGraw 
Hill Book Co., Inc., 330 West 42nd St., New York 
36, N. Y¥., 1960. xiv + 314 pp. 15 X 23 cm 
Price $10. 

The psychotherapeutic use of somatic treatments 
is systematically discussed so as to increase the 
effectiveness with which clin‘ctars in psychiatry and 
other fields of medicine employ physiological treat 
ments. Particular emphasis is given to the newer 
psychopharmacologic agents used in the treatment 
of patients with various emotional disturbances. A 
glossary of drug names, a bibliography of important 
books and articles related to the text, and an index 
are appended. 
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man, R. W., estimation of the bie 
logical potency of isomerized vitamin 
A palmitate in aqueous multivitamin 
dispersions from maleic values, 31 
see Lehman, R. W., 363 
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Anselmo, C., see Marcus, S., 616 
Athalye, Y., see Guttman, D. E_, 687 
Autian, J., see Goyan, J]. E., 627 
A. J., 380 
see Kim, H. K., 22 
see Udani, J. H., 376 
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Balikian, J. M., see Hamor, 285 
Bandelin, F. J., and Tuschhoff, J. V 
paper chrom: atography of some certi 
fied dyes, 302 
Banker, G. S., see Foernzler, E. C., 249 
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360 
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health professions. The environment is stimulating and attracts students 
from all parts of the world. Library, laboratory, hospital, and other 
facilities for graduate work are outstanding in this area. 


The Massachusetts College of Pharmacy is iocated in this great educational center. It offers 
unusual opportunities to graduates of colleges of pharmacy who are interested in further study 
in pharmacy, pharmaceutical chemistry, and pharmacognosy. 


For additional information, write to HOWARD C. NEWTON, Dean 


Animal Toxicity Studies. Human Patch Tests. 
Radioactive Tests. INFRARED SPECTROSCOPY. 
Pilot plant for product development. Bacteriolog- 
ical testing and studies. Let the most versatile 
and best equipped laboratory in the midwest 
solve your problems. Brochure on request. 


{ king 
DVERTISING RESPONSE? 


Just as you noticed and are now 
reading this insertion, so too would 
many of our readers take note of your 
advertisement if it were carries’ here. 

hy not consider this publication 
further in your promotion plans? 

Inquiries and requests for Rate Card should 
be addressed to: 

Scientific Edition 
Journal of the 


American Pharmaceutical Association 
2215 Constitution Avenue, N. W. 


> COMPLETE ¢ 
LABORATORY SERVICE 


SCIENTIFIC ASSOCIATES 


3755 Forest Park Ave. 
St. Lovis 8, Mo.—JE. 1-5922 
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For quick and prolonged relief 


Aluminum 
Hydroxide-Magnesium Carbonate 
Co-Dried Gel Type F-MAtl1 


A finely-divided, white powder consisting of a 
combination of aluminum hydroxide gel and 
magnesium carbonate, prepared by a new 
process* that yields a gastric antacid in dry 
form having extremely prompt and very pro- 
longed acid-neutralizing action in the optimum 
pH range. 


The ideal properties of this product, especially 
suited for the ambulatory patient, are not les- 
sened by aging nor by pepsin present in gastric 
juice. 

Full data and samples of this newest Reheis 
antacid and buffer compound are available on 
request. *U.S. Patent No. 2,797,978 
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Procedure of Holbert, Noble, and Grote - - Modified 


REHEIS COMPANY, INC. 
Berkeley Heights * New Jersey 


+ 


ers of 


12 
it 
= 
50 VITRO MEASUREMENT OF ANTACID ACTIVITY 
Wwe FATT. 
Aluminum Hydroxide Gel USP 
Aluminum Hydroxide Dried Gel USP 
40 
3.0 
1.0 
ae Pes: 
4 = 
80 100 120 140 160 
— 
_| 
> H 2422 4 


